Digitized by the Internet Archive 
in 2022 with funding from 
Kahle/Austin Foundation 


https://archive.org/details/textbookoforgani0000afho 


WORKS OF PROF. A. F. HOLLEMAN, 


Professor Ordinarius in the University of 
Amsterdam, Netherlands, 


PUBLISHED BY 


JOHN WILEY & SONS. 


a 
A Text=book of Inorganic Chemistry. 


Issued in English in co-operation with Hermon 
CHARLES Cooper. Third English edition, partly re- 
written.” 8vo, vili + 502 pp.,81 figures. Cloth, $2.50. 
A Text=book of Organic Chemistry. 
Hdited by A. JAMrzson Waker, Ph.D. (Heidel- 
berg) B.A., Head of the Department of Chemistry, 
Technical Coliege, Derby, England, assisted by 
Owen E. Morr, Ph.D. (Heidelberg), with the co- 
operation of the author. Third English Edition, 
partly rewritten. S8vo, xx+599 pp. 80 figures. 
Cloth, $2.50. 

A companion volume to the preceding, and form- 
ing with it a comprehensive treatise on pure Chem- 
istry. 5 

A Laboratory Manual of Organic Chemistry for Be- 
ginners. 
An Appendix to the Author’s Text-book of Organic 
Chemistry. Edited by A. JamMrzson WALKER, Ph.D. 
(Heidelberg), B.A., Head of the Department of 
Chemistry, Technical College, Derby, England. With 
the co-operation of the author. First English Edi- 
tion, revised. 12mo, xiv+78 pp. Cloth, $1.00 net. 


ee SA BOOK 


OF 


SinGea Ni?  CHHMISTRY. 


 \er? BY 
&. F.“HOLLEMAN, Ph.D., F.R.A. Amst, 


Professor Ordinarius in the University of Amsterdam. 
cd 


EDITED BY 


A. JAMIESON WALKER, Ph.D. (Heidelberg), B.A. 
Head of the Department of Chemistry, Technical College, Derby, Engtwna. 


ASSISTED BY 
OWEN E. MOTT, Ph.D. (Heidelberg). 


WITH THE CO-OPERATION OF THE AUTHOR. 


THIRD ENGLISH EDITION, PARTLY REWRITTEN. 


TOTAL ISSUE, EIGHT THOUSAND. 


NEW YORK 
JOHN WILEY & SONS 


Lonpon: CHAPMAN & HALL, Limirep 
i911 


Copyright, 1903, 1907, 1910, 
BY 
A, JAMIESON WALKER. 


(Entered at Stationers’ Hall.) 


THE SCIENTIFIC PRESS 
ROSERT ORUMMOND AND COMPANY 
BROOKLYN, N.Y. 


AUTHOR’S PREFACE TO THE THIRD EDITION. 


AtTHouGH less than three years have elapsed since the 
second edition of this book was published, recent advances in 
chemistry have necessitated a complete re-casting of several 
chapters. That treating of the proteins has been re-written, 
and is now placed after the sugars, along with the chapter on 
amino-acids, so that it is no longer an appendix to the system 
of classification of organic compounds, but is incorporated with 
it. The book has also been brought up to date by numerous 
smaller changes and additions, and by the deletion of obsolete 
matter. 

I am under an obligation to Dr. JAMIESON WALKER in the 
first place for having introduced into the book the protein- 
classification adopted by the CummicaL Socrety or Lonpon, 
the EnaiisH PuysioLocicaL Society, the AMERICAN Puysio- 
LOGICAL Socimry, and the AMERICAN SocIETY OF BIOLOGICAL 
CuEmists; and further for the care he has bestowed on the 
revision of this new edition. 

Besides the four editions of the original Dutch volume and 
three in English, seven editions of this book have been published 
in German, two in Russian, two in Italian, and one in Polish. 
A French edition and a Japanese edition are also in preparation. 


A. F. HotuEMAN. 


AMSTERDAM, March, 1910. 
i 


AUTHOR’S PREFACE TO THE SECOND EDITION. 


RECENT researches on the constitution of benzene have shown 
that neither the centric formula nor any of the other formule sug- 
gested affords a wholly satisfactory explanation of the observed 
facts. I have therefore thought it best to give the formule of 
Kexuih, Von Banyer, and THIELE side by side, with a brief ex- 
planation of each. 

Professor CrAMIcIAN’s lecture before the German Chemical 
Society has given me the opportunity of vewzeine completely the 
chapter on pyrrole. 

The fifth edition of the German Re ri of this book has 
been published, and it has also been translated into Italian and 
Russian. 

When this book is read for the first time, the matter printed 
from small type should be omitted, as it contains numerous refer- 
ences to subsequent portions of the text. Such references are in 
great measure avoided in the part printed from large type. 

A. F. HoLuEMan. 


AMSTERDAM, January, 1907. 
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AUTHOR’S PREFACE TO THE FIRST EDITION. 


Most of the short text-books of Organic Chemistry contain a 
great number of isolated facts; the number of compounds described 
in them is so considerable as to confuse the beginner. Moreover, 
the theoretical grounds on which this division of the science is 
based are often kept in the background; for example, the proofs 
given of the constitutional formule frequently leave much to be 
desired. However useful these books may be for reference, they 
are often ill-suited for text-books, as many students have learned 
from their own experience. 

In this book I have endeavoured to keep the number of uncon- 
nected facts within as narrow limits as possible, and to give promi- 
nence to the theory underlying the subject. For this reason, a 
proof of the structure of most of the compounds is given. This was 
not possible for the higher substitution-products of the aromatic 
series, so that the methods of orientation employed in it are de- 
scribed in a special chapter. 

Physico-chemical theories, such as the laws of equilibrium, 
ionization, and others, are becoming more and more prominent in 
organic chemistry. I have attempted in many instances to show 
how useful they are in this branch of the science. Such important 
technical processes as the manufacture of alcohol, cane-sugar, etc., 
are also included. The book is essentially a text-book, and makes 
no claim to be a “‘ Beilstein ” in a very compressed form. 

I am deeply indebted to Dr. A. Jamieson WALKER for the excel- 
lent way in which he has carried out the difficult task of translating 
this book from the original second Dutch edition into English. 
Lastly, it may be mentioned that it has also been translated into 
German, the second edition having just appeared, and that an 
Italian edition is in preparation. 

A. F. Houurman. 


GRONINGEN, NETHERLANDS, November, 1902. 
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EDITOR’S PREFACE TO THE THIRD EDITION. 


Tue manuscript for the third edition has been carefully 
revised, and many alterations and additions have been made. 
I have to thank Professor HotLeman for the large amount of 
time and energy he has devoted to this work. The re-arrange- 
ment of the matter has made it necessary to re-number the 
paragraphs from §199 onwards, a fact to be borne in mind 
when comparing the present issue with previous editions. 

To several readers who have drawn my attention to errors in 
the text and to other points needing revision, and thus mate- 
rially assisted me in preparing the manuscript for the press, I 
desire to express my sense of obligation. 


A. JAMIESON WALKER. 
Darpy, ENGLAND, March, 1910. : 
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EDITOR’S PREFACE TO THE SECOND EDITION. 


Tue demand for the first English edition of this text-book, pub- 
lished four years ago, has been so great as to exceed anticipation, 
and it has been necessary to print a short edition from the existing 
plates during the revision of the text for the present issue. 

The translation is based on the third Dutch edition of the 
author’s ‘“‘Leerboek der Organische Chemie,” but the progress of 
the science has necessitated numerous and extensive alterations. I 
have to thank Professor HoLLeMAN for the great trouble he has 
taken in the selection and arrangement of the large amount of new 
work now included. The resetting of the whole book, from new 
type specially cast, has enabled me to rewrite the text completely. 

I am again indebted to Dr. OwEn E. Morr for important aid; 
to Professor SENIER for valuable advice and criticism; and to many 
others for their kind expressions of appreciation and commendation. 

References in the text to “Laboratory Manual ” allude to my 
translation of Professor HoLLEMAN’s ‘‘ Laboratory Manual of Or- 
ganic Chemistry for Beginners,” published by Messrs. Jonn WILEY 
& Sons. This work constitutes an appendix to the text-book, and 
should be employed as a guide to laboratory work prior to that 
systematic course of preparations essential to progress in the study 
of organic chemistry. 

A. JAMIESON WALKER. 

DerBy, ENGLAND, January, 1907. 
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EDITOR’S PREFACE TO THE FIRST EDITION. 


THE cordial reception met with by Professor HoLLEMAN’S 
‘“‘Leerboek der Organische Chemie ” in Holland, as well as by Dr. 
Hor’s translation in Germany, makes it desirable that English- 
speaking students of chemistry should share in the advantages 
derived from its publication by their fellow-students on the Con- 
tinent of Europe. 

This translation is from the second Dutch edition, published 
last year, and has been revised and added to by Professor Houue- 
MAN and myself so as to make it as up-to-date as possible. An 
Italian translation of this English edition is now in preparation. 
The ‘‘ Inorganic Chemistry ” referred to in the text is Dr. CoopErR’s 
translation of Professor HoLtEMaAN’s “ Leerboek der Anorganische 
Chemie,” published last April by Messrs. Jonn Witny & Sons. 

I have to express my thanks to Professor HoLLeman for the 
great care bestowed by him on the work.of revision; to Dr. OWEN 
E. Morr for his valuable assistance; to Professor SENIER of 
Queen’s College, Galway, for reading the proof and making many 
important suggestions; to Dr. Joun E. Macxenzin of the Birkbeck 
Institution, London, for reading part of the proof; to Dr. HERMON 
C. Coorrr of Syracuse University for the note regarding the law 
regulating the sale of alcohol in the United States; and to Messrs. 
JoHn Wixny & Sons for the excellent way in which they have pre- 
pared the book for publication. 

A. JAMIESON WALKER. 

Derby, ENGLAND, December, 1902. 
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ORGANIC CHEMISTRY. 


INTRODUCTION. 


1. Organic Chemistry is the Chemistry of the Carbon Com- 
pounds. The word “organic” has now lost its historic meaning, 
given it at a time—the beginning of last century—when it was 
thought that the substances which occur in organized nature, in 
the animal and vegetable kingdoms, could only be formed under 
the influence of a special, obscure force, called the vital force. 
Several unsuccessiul attempts to prepare artificially such ‘or- 
ganic”? substances promoted this belief. Until about the year 
1840, it was so general that Brrzeuius still thought that there 
was but little hope of ever discovering the cause of the difference 
between the behaviour of the elements in the mineral kingdom 
and in living bodies. Organic chemistry included the study of 
those compounds which occur in plants and animals, as well as of 
the more or less complicated decomposition-products which could 
be prepared from these compounds by various means. Among 
the latter many were known which were not found in nature, but 
it was thought impossible to build up a compound body from its 
decomposition-products, or to obtain an organic compound from 
its elements. 

In the year 1828, WOuLER had indeed obtained from inorganic 
sources the organic compound urea, a product of the animal 
evonomy. This discovery was at first regarded as of small im- 
portance, for it was thought that this substance occupied a position 
midway between organic and inorganic compounds. For a num- 
ber of years the synthesis of urea was in fact the only well-known 
example of the kind, such observations becoming more numerous 
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about the middle of the nineteenth century. At length the syn- 
thesis of many substances, including that of acetic acid by KoLBE 
and of the fats by BertHetot, strengthened the growing convic- 
tion that organic compounds are formed under the influence of the 
same forces as are inorganic, and that to this end no special force 
is necessary. 

The natural distinction between organic and inorganic chem- 
istry was thus destroyed, its place being taken by an artificial one. 
As it had been already noticed that all organic compounds contain 
carbon, the name “Organic Chemistry’? was appropriated to the 
Chemistry of the Carbon Compounds. 

Through the numerous discoveries which were made in this 
branch of the science, especially in Germany by Lizsic, WOuLER, 
and their pupils, and in France by Dumas, LaurgEnt, and GrrR- 
HARDT, organic chemistry acquired by degrees a totally different 
aspect, and the old division into groups of substances which had 
either the same origin, as in the case of vegetable chemistry or 
animal chemistry, or had single properties in common, as, for 
_ example, the vegetable acids, the vegetable bases, and neutral 
vegetable bodies, vanished. Its place was taken by a more rational 
classification, which gradually developed into its present form, and 
is based on the mutual relationships found to exist between organic 
compounds. 

2. Since no essential distinction between organic and inorganic 
chemistry now exists, and numerous syntheses have set at rest 
all doubt as to the theoretical possibility of building up from their 
elements even the most complicated carbon compounds, such as 
the proteins, the question may arise as to the reason for still 
treating the chemistry of the carbon compounds as a special part 
of the science. The answer to this question is twofold. 

First, the enormous number of carbon compounds which are 
known. This amounts to more than a hundred thousand,* and is. 
greater than that of the compounds of all the other elements. Second, 
the special nature of certain properties of the carbon compounds, 
These are either not found at all in the compounds of other elements, 
or at most in a much less marked degree: forexample, many inorganic 
compounds can be exposed to high temperatures without undergoing 


* In Richter’s ‘“‘Lexikon der Kohlenstoffverbindungen ”’ and its three sup- 
plementary volumes, 112164 compounds are enumerated. 
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any chemical change, whereas the carbon compounds, almost with- 
out exception, are decomposed at a red heat. It follows that the 
latter are usually much less stable than the former towards chemical 
and physical reagents, and in consequence different methods are 
employed in the investigation of carbon compounds and of inor- 
ganic compounds. 

Another peculiarity is that numerous organic compounds con- 
tain the same elements in the same proportions, but differ from one 
another in properties. For example, up to the end of the year 
1902, one hundred and thirty-five compounds of the formula 
CioHy30,N had been discovered. This phenomenon is called 
zsomerism, and is almost unknown in inorganic chemistry, a fact 
which necessitates an investigation of the cause to which it is due. 

All these reasons make it desirable to treat the carbon com- 
pounds in a special part of chemistry. 


QUALITATIVE AND QUANTITATIVE ANALYSIS. 


3. Investigation has shown that in most of the compounds 
of carbon there is only a very small number of elements. The 
chief of these are carbon, hydrogen, oxygen, and nitrogen. Halogen 
derivatives are less numerous, and substances containing sulphur 
or phosphorus occur still less frequently. Carbon compounds are 
also known in which other elements are found, but they are ex- 
ceedingly few in comparison with those which contain only the 
elements named above. Some elements do not occur in carbon 
compounds. 

In order to be able to determine the nature of a compound, it 
is first of all necessary to ascertain what elements it contains by 
submitting it to qualitative analysis. In the case of the carbon 
compounds, this is very simple in theory, the process being one of 
oxidation. 

On solution of an organic compound, the elements constituting 
it are usually not present as ions in the liquid. Oxidation, however, 
either converts them at once into ions, or into oxygen compounds 
with ionized groups, such as CO3’’, SO4’’, and so on. They can 
then be identified by the ordinary inorganic reactions (‘Laboratory 


Manual,” I, 1-5). 
Carbon is thus converted into carbon dioxide, which can be 
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‘detected by the lime-water test; sulphur and phosphorus are 
oxidized to sulphuric acid and phosphoric acid respectively ; hydro- 
gen is oxidized to water; and nitrogen is evolved in the free state. 

If an organic compound contains a halogen, it is oxidized in 
presence of silver nitrate, the corresponding silver halide being 
formed. Other elements present are found, after oxidation, in 
the form of compounds easily identified. 

For analytical purposes, oxidation is carried out in different 
ways, according to the nature of the element suspected to be 
present. Copper oxide is generally used in testing for carbon, 
hydrogen, and nitrogen. The substance is mixed with it, and 
the mixture heated in a glass tube sealed at one end, the carbon 
and hydrogen being oxidized by the action of the oxygen of the 
copper oxide. Nitrogen is evolved in the free state, and can be 
recognized in exactly the same way as in the quantitative analysis 
of nitrogen (7). For the halogens, sulphur, phosphorus, etc., 
it is best to oxidize the substance under examination with con- 
centrated nitric acid. 

The method of oxidation is a general one for qualitative analy- 
sis: it can always be applied, and yields positive results. There 
are other methods which in many cases attain the desired end 
more quickly and easily, but as most of these are not of universal 
application, the failure of one of them to detect an element affords 
no certain indication of its absence. In doubtful instances the 
question must be decided by the oxidation-process. 

For example, the presence of carbon can frequently be de- 
tected by submitting the substance to dry distillation. Charring 
often takes place, or vapours are evolved which can be recognized 
as carbon compounds by their smell or other properties, such as 
their burning w:th a smoky flame on ignition. 

4. The nitrogen in many organic compounds can be converted 
into ammonia by heating them with soda-lime, or with concen- 
trated sulphuric acid. Another method very largely used in testing 
for this element was suggested by Lassa1GNne. It consists in heating 
the substance under examination with a small piece of sodium (or 
potassium) in a narrow tube sealed at one end. Should the com- 
pound contain nitrogen, sodium (or potassium) cyanide is formed, 
its presence being readily recognized by converting it into Prussian 
blue (‘‘Laboratory Manual,”’ I, 3, a). 
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5. The halogens can be recognized by heating the substance 
with quicklime, the corresponding calcium halide being formed. 
A very delicate method of detecting them is to introduce a small 
quantity of the compound on a piece of copper oxide into a non- 
luminous flame. The corresponding copper halide is formed and 
volatilizes, imparting a magnificent green colour to the flame. 
These two methods are always applicable. 

Sulphur can often be detected by heating the compound with 
a small piece of sodium in a narrow ignition-tube. Sodium sul- 
phide is produced, and can be detected by treating the reaction- 
mixture, placed on a clean silver coin, with water, when a black 
stain of silver sulphide is formed. Or, the reaction-mixture can 
be extracted with water, and sodium nitroprusside added: the 
solution acquires an intense violet colour. 

No qualitative reaction is known for detecting oxygen in an 
organic compound. This can only be effected by a quantitative 
analysis. 

6. Following on qualitative, must come quantitative, analysis; 
that is, the determination of the quantity of each element present 
in the compound. The methods used for qualitative analysis in 
inorganic chemistry are often very different from those employed 
in quantitative determinations: in organic chemistry the methods 
of qualitative and quantitative analysis are alike in principle, 
oxidation being employed in both. 

Carbon and hydrogen are always estimated together. The 
principle of the method of organic analysis chiefly used was worked 
out by Lrepie (1803-1873). It is usually carried out as follows. 
In the combustion-furnace, k (Fig. 1), is a hard glass tube, ab, 


nia 
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open at both ends. A complete drawing of it is shown in the 
figure above the furnace. It contains granulated copper oxide, 
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ff, and a spiral of copper-gauze, c, oxidized by heating to redness 
in the air or in a stream of oxygen. About one-third of the length 
of the tube is left empty, and into this, after temporary removal 
of the copper spiral, a platinum or porcelain boat, d, containing a 
weighed quantity of the substance to be analyzed, is introduced. 
The end of the tube next the boat is connected with a drying 
apparatus, g, h, 7, in which the air or oxygen is freed from water- 
vapour and carbon dioxide: g contains concentrated caustic potash, 
h soda-lime, and 7 calcium chloride. To the end of the tube 
furthest from the boat is attached a weighed calcium-chloride tube, J, 
for the purpose of collecting the water produced by the combustion 
of the substance. The weighed 
potash-bulbs, m (shown enlarged in 
Fig. 2), are connected to this, and in 
them the carbon dioxide formed is 
absorbed by concentrated caustic 
potash. The gases enter the appara- 
— tus by the tube } on the right, pass 
Hic. Pes nce through the three bulbs containing 
potash, and escape through the tube 
a, which is filled with soda-lime. As soon as all the joints of the 
apparatus are known to be gas-tight, the burners are lighted, except 
beneath the place where the boat is. When the tube is hot, the 
substance is burned by carefully heating this part of the tube, 
while at first a slow stream of air, and later a slow stream of oxy- 
gen, is led through the drying apparatus into the tube. The 
oxygen facilitates the combustion of the particles of carbon which 
have deposited, and the red-hot copper oxide serves to oxidize 
the gaseous decomposition-products completely to carbon dioxide 
and water. The increase in weight of the calcium-chloride tube 
and that of the potash-bulbs respectively give the quantity of water 
and carbon dioxide formed, from which the amount of hydrogen 
and carbon in the compound can be calculated. 

If the compound contains nitrogen or halogens, a freshly- 
reduced spiral of copper-gauze is placed at the end of the tube 
next the absorption-apparatus / and m. The hot copper decom- 
poses any nitrogen oxides formed, which would otherwise be 
absorbed in the potash-bulbs: it also combines with and retains 
the halogens. 
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The foregoing is only intended to illustrate the principles on 
which the methods of organic analysis are based. The experimental 
details have often to be modified somewhat to suit special circum- 
stances. For example, substances which burn with great difficulty 
are mixed with lead chromate instead of copper oxide, the former 
being the more energetic oxidizing agent. When the compound con- 
tains sulphur, this substance is also used, the sulphur being con- 
verted, by heating in contact with the chromate, into lead sulphate, 
which is stable at red heat. . If copper oxide is used, sulphur dioxide 
is formed and 1s absorbed in the potash-bulbs, thereby introducing 
an error into the carbon estimation. Another method of retaining 
sulphur dioxide consists in having a layer of lead dioxide, PbO,, at 
the end of the tube next to the absorption-apparatus. This layer 
is gently heated, and retains all the sulphur dioxide in the form of 
lead sulphate. Combustion tubes of silica are also employed, and 
are superior to glass in their power of resisting fracture. Contact of 
the copper oxide with the inner surface of the tube should be pre- 
vented by means of a layer of asbestos, to obviate the formation of 
copper silicate. 


7. Nitrogen is usually estimated by Dumas’s method. An 
apparatus similar to that employed in the estimation of carbon 
and hydrogen (Fig. 1) is used. The drying apparatus g, h, 7, is 
replaced by a carbon-dioxide Kipp generator, to effect complete 
expulsion of the air from the tube before the combustion is 
begun. The absorption-apparatus /, m, is replaced by a delivery- 
tube opening under mercury. As soon as the air has been driven 
out of the apparatus, the front part of the tube, containing the 
copper-gauze and the granulated copper oxide, is heated. The 
combustion is then begun, and the evolved gases are collected in a 
graduated tube open at the bottom (measuring tube), the end 
of which dips into the mercury-bath. This tube is filled partly 
with mercury, and partly with concentrated caustic potash to 
absorb the carbon dioxide. The reduced copper-gauze has the 
effect. of decomposing any nitrogen oxides formed. When the 
combustion is over, all the nitrogen remaining in the tube is swept 
into the graduated tube by a stream of carbon dioxide from the 
Krep generator. The tube, along with the mercury, potash, and 
gas which it contains, is then placed in a wide cylinder filled with 
water. The mercury and potash are displaced by the water, and 
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after the level of the liquid inside and outside the tube has been 
made to coincide, the number of cubic centimetres of nitrogen 
is read off. From this the ainount of nitrogen in the compound 
is calculated. 

Nitrogen can often be estimated by a method discovered by 
KsELDAHL and improved by WixrartH. It depends upon the 
fact that the nitrogen of many organic substances is wholly con- 
verted into ammonia by heating the compound for some time 
with concentrated sulphuric acid in presence of phosphoric oxide 
and a drop of mercury, the latter going into solution. Usually the 
mixture first turns black, owing to charring: after heating for 
one or two hours the liquid again becomes perfectly colourless. 
The carbon has then been fully oxidized by the oxygen of the 
sulphuric acid, which has been reduced to sulphurous acid. The 
process is facilitated by the mercury salt, which probably plays 
the part of an “ oxygen-carrier’’ between the sulphuric acid and 
the organic substance, being continually converted from the mer- 
curic to the mercurous state, and then back again by the boiling 
acid into the mercuric state. When the liquid has become colour- 
less, it is allowed to cool, diluted with water, excess of alkali added, 
and the ammonia distilled into a measured quantity of acid of 
known strength. Titration gives the quantity of ammonia, and 
hence the amount of nitrogen. This neat and simple method is 
usually not applicable to compounds containing oxygen linked 
to nitrogen. In such compounds the nitrogen is only partially 
converted into ammonia. 

8. The halogens can be estimated by the method either of 
Liesia or of Carius. By the former, the substance is heated 
with quicklime, and by the latter, at a high temperature with a 
small quantity of concentrated nitric acid and a crystal of silver 
nitrate in a sealed glass tube. This is carried out without risk 
in the tube-furnace (Fig. 3), in which the glass tubes are placed 
in wrought-iron cylinders with thick walls. 

Carius’s method can also be applied to the estimation of sul- 
phur, phosphorus, and other elements. Non-volatile substances 


containing sulphur .£ or. si eee: us Can Also be oxidized by fusion 
with nike A 


The estimation of halogens in solids can also be readily effected 
by oxidation with sodium peroxide, the final product being a chlo- 
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rate, bromate, or iodate. On reduction with sulphurous acid, this 
is converted into a halide, which can be precipitated with silver 
nitrate in the usual manner. 


9. The results of a quantitative analysis are expressed in per- 
centage-numbers. If the total of these percentage-numbers is 
very nearly 100, then no other element is present in the compound; 
but if appreciably less than 100, there is another element present 
which has not been taken account of in the analysis, there. being 
no convenient method for its estimation. This element is oxygen. 
The percentage-amount of oxygen is therefore found by sub- 
tracting the total of the percentages of the other elements from 


Fic. 3.—TuBE-FURNACE. 


100. This has the disadvantage that all experimental errors are 
included in the percentage-number of the oxygen. 


Carbon-estimations are usually too low, owing to the loss of a 
small quantity of carbon dioxide through the various connections of 
the apparatus. Hydrogen-estimations are generally too high, be- 
cause copper oxide is hygroscopic, and can only be freed from traces 
of moisture with difficulty. These errors balance one another more 
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or less, so that the want of accuracy in the oxygen-percentage is 
diminished. 


The method by which the percentage composition and formula 
of a substance are calculated from the results of analysis is best 
explained by an example. 


The analysis of a substance containing nitrogen yielded the fol- 
lowing numbers: 

0.2169 g. substance gave 0°5170 g. CO, and 0- 0685 g. H,0. 

0- 2218 g. substance gave 17-4 c.c. N, measured over water at 

6° C. and 762 mm. barometric pressure. 

Since there are 12 parts by weight of C in 44 parts by weight of 
CO,, and 2 parts by weight of H in 18 parts by weight of H,O, the 
number obtained for CO, must be multiplied by 44=% to find the 
weight of C, and the number found for H,O by #s=< to obtain the 
weight of H. This calculation gives 65-0 per cent. of carbon and 
3-51 per cent. of hydrogen in the compound. 

The weight of the nitrogen is calculated as follows. Since it is 
saturated with water-vapour, the tension of this expressed in mm. 
of mercury must be subtracted from the barometric pressure in 
order to obtain the true pressure of the nitrogen. At 6° C. the 
tension of aqueous vapour is 7-0 mm. _ The actual pressure of the 
nitrogen is therefore 762—7=755 mm. Since 1 c.c. of nitrogen at 
0° and 760 mm. weighs 1-2562 mg., at 755 mm. and 6° C. the weight 
of this volume expressed in milligrammes is 


1-2562 755 


>» 2211, 
1+6X0-00367 *760 i 


Therefore the 17-4 c.c. of nitrogen obtained weigh 1-2211 17-4 
=21-247 mg., from which the percentage of nitrogen is found toe 
be 9-6. 

The sum of these percentage-numbers is 78-1, so that the per- 
centage of oxygen in the substance analyzed is 21-9. The percentage- 
composition given by the analysis is therefore 

C 65-0 
H 3-5 
N 9-6 
O 21-9 
On dividing these values by the numbers representing the atomi¢ 
weights of the corresponding elements, there results 
; C H N O 
5-4 3-5 0-7 1-4. 
These numbers divided by 0-7 give 
C H N O 
7:7 5:0 1-0 2-0. 
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These numbers approximate very closely to those required by 
the formula C,H,O,N. The percentage-composition corresponding 
to this formula is 

C 65-3 H 3-4 N 9-5, 
which agrees well with the analysis. 


DETERMINATION OF MOLECULAR WEIGHT. 


to. An analysis only gives the empirical formula of a com- 
pound, and not its molecular formula, because C,H,O, has the 
same percentage-composition as (CagHp,Oe)n- When the empirical 
formula has been ascertained by analysis, the molecular weight 
has still to be determined. 

It cannot be decided by chemical means, although it is 
possible thus to obtain a minimum value for the molecular weight. 
For example, the empirical formula of benzene is CH. Benzene 
readily yields a compound, CgHsBr, which can be reduced again 
to benzene. It follows that the molecule of benzene must be 
represented by CgH¢ at least. The molecular formula, however, 
could also be Cy2Hj2, or, in general, (CgHg),; the bromine com- 
pound would then have the formula (CgHsBr),. Assuming the 
formula to be CigHi2, that of the bromine compound would be 
CigHioBro. It is evident that the formation of a compound of 
this formula would involve direct replacement of two hydrogen 
atoms by bromine, and experiments would be made for the pur- 
pose of obtaining Cy2Hi,Br. Should these not attain the desired 
result, the probability of the correctness of the simpler formula 
CoH;Br would be increased. This would not, however, be decisive, 
because the experimental conditions necessary to the formation 
of the compound Cy2Hii;Br might not have been attained. The 
chemical method only proves that the molecular formula of ben- 
zene cannot be smaller than CgH,, but does not prove whether 
it is a multiple of this or not. 

To ascertain the real molecular weight, physical methods must 
be employed. These involve the determination either of the 
specific gravity of the compound in the gaseous state, or of cer- 
tain values depending on the osmotic pressure of the substance 
in dilute solution. The theory of these methods is fully ex- 
plained in ‘Inorganic Chemistry,”’ 31-34 and 40-43. Here it 
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will suffice to describe the practical details of a molecular-weight 
determination. 

In calculating the vapour-density (the specific gravity of the 
substance in the gaseous state), four quantities—the weight of 
substance converted into the gaseous state, the volume of the 
resulting vapour, the temperature at which the volume is meas- 
ured, and the barometric pressure—must be known. 

11. Vapour-density is usually determined by a method sug- 
gested by Vicror Meyer. The apparatus (Fig. 4) consists of a 
glass tube B with an internal diam- 
eter of about 4 mm. This tube is 
closed at the top with a stopper, and 
underneath has a_ wider cylindrical 
portion of about 200 c.c. capacity, 
closed at the lower end. Near the 
top of the tube is sealed on a de- 
livery-tube A for the gas, which is 
collected over water in a graduated 
tube FE. The apparatus is partly sur- 
rounded by a wide glass (or metal) 
jacket C. This contains a liquid boil- 
ing higher than the substance the 
vapour-density of which is being de- - 
termined. This liquid is heated to 
boiling, some of the air in B being 
in consequence expelled. A point is 
soon reached at which no more air 
escapes from the delivery-tube, that 
in the wider part of the tube having 
a constant temperature, almost equal 
to that of the vapour of the boiling 
liquid. The graduated tube is then 
filled with water and placed over the 
open end of the delivery-tube A. 
After the stopper has been withdrawn, 
a weighed quantity of the substance 
under examination enclosed in asmall pyg 4.—Vicror Mryver’s 
glass tube is dropped into the appa- VAPOUR-DENSITY APPA- 
ratus, and the stopper replaced, care Si oe 
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being taken to make it air-tight. The substance vaporizes quickly 
in the heated wide portion of the tube. Its vapour expels air 
from the apparatus: the air is collected in the graduated tube, 
and its volume is equal to that of the vapour. While, however, 
the air in the hot part of the apparatus has the local temperature, 
in the graduated tube it acquires the temperature of the latter, and 
this must be considered in making the calculation. The experi- 
ment gives a volume equal to that which the weighed portion of 
the substance in the form of vapour would occupy, if it were 
possible to convert it into a gas at the ordinary temperature and 
under the barometric pressure. 

For ease of manipulation this method leaves nothing to be 
desired. It possesses, moreover, the great advantage over the 
other methods, that it is not necessary to know the temperature 
to which the apparatus has been heated, this not being employed 
in the calculation. It is only necessary that the temperature 
should remain constant during the short time occupied by the 
experiment. 

The result is calculated thus. Suppose that g mg. of the sub- 
stance were weighed out, and yielded V c.c. of air, measured over 
water, with the level the same inside and outside the tube: sup- 
pose further that the barometric pressure were H, the tempera- 
ture t, and the tension of aqueous vapour b, then, at a pressure 
of H—b mm. and at t°, g mg. of the substance would occupy a 
volume of V e.c., so that under these conditions the unit of volume 
(1 c.c.) would contain + mg. of the substance. 

One c.c. of hydrogen at H—b mm. of pressure, and at ?°, 
weighs in milligrammes 

0-0895 H—b 
1+0-00367t7 > 760 ’ 


from which it follows that the vapour-density D referred to hy- 
drogen. is 
g ..1+0-00367t., 760 


i = 0106s oe Ee. 


The molecular weight M being twice the density, 


M=2D. 
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12. Two other methods are often employed in the determina- 
tion of the molecular weights of organic compounds. They are 
based on the laws of osmotic pressure, and involve the determi- 
nation of the depression of the freezing-point or the elevation of 
the boiling-point of a dilute solution of the substance, referred 
to the freezing-point or boiling-point respectively of the pure 
solvent (‘“ Inorganic Chemistry,” 40-43). 

In practice, it is necessary to determine first the freezing-point 
of the solvent; for example, that of phenol. Then one gramme- 
molecule of a substance of known molecular weight is dissolved 
in a known weight—that is, in a known volume—of the solvent. 

It lowers the freezing-point by a certain amount, which is 
always the same for the same solvent, no matter what the substance 
may be, provided that the volume of solution, containing one 
gramme-molecule, is the same. The depression of the freezing- 
point caused by a gramme-molecule is, therefore, a constant for 
this solvent. If a one per cent. solution of a substance of unknown 
molecular weight M be made in phenol, and the depression (A) 
of the freezing-point of this determined, then 


AM =Constant; 


because the depression of the freezing-point is, between certain 
limits, proportional to the concentration. 

It is evident that this formula is equally applicable to the 
elevation of the boiling-point. Here M is the only unknown 
quantity, and can be calculated from this equation. 

The product AWM is called the molecular depression of the freezing- 
point or the molecular elevation oj the boiling-point of the solvent. 


Example.—Numerous determinations have proved that when 
phenol is used as the solvent the molecular depression of its 
freezing-point is equal to 75. We have then for phenol 


AM =75. 


A solution of 2+75 per cent. concentration was prepared by dis- 
solving 0-3943 g. of a substance of empirical formula C,H,ON, in 


14-34¢.o0f phenol. The depression of this solution was 0-712°. For 


: : 0-712 
a one per cent. solution the depression would have been 9 
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0-258, therefore A = 0-258. It follows that the molecular weight is 
75 
0-258 7 291. 

Since C,H,ON, corresponds with the molecular weight 135, and 
C,,H,,0.N, to 270, the latter comes nearest to the molecular weight 
found, so that twice the empirical formula must be assigned to the 
compound. 


The laws of osmotic pressure only hold when the solutions are 
very dilute. This is also true of the equation AM =Const., since 
it is derived from these laws. 

It is not strictly correct to determine A by means of a solu- 
tion of finite concentration, as is done in the example given. 

To determine M accurately, the value of A should be derived 
from a solution of infinite dilution; but as this is not possible, 

A Eyxman has described the following 
graphic method of determining A for 
such a solution. A is determined for 
three or four concentrations, and the 
values obtained are represented graphic- 
ally as in Fig. 5, in which the values 
of A are the ordinates, and those of 
the percentage-strengths of the solu- 


LOWERING OF FREEZING-POINTS 
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O|pencentaces tions are the abscisse. EyKMAN states 
Fig. 5.—Eykman’s GRAPHIC that very often the line drawn through 
Mrruop. the tops of the ordinates is very nearly 


straight. If it is produced till it cuts the ordinate OA, OPo gives 
the value of A for infinite dilution. 

13. The constants for the molecular depression of the freezing- 
point of a number of solvents are given in the following table: 


Molecular Depression. 
Solvent. Melting-point. 
Observed. Calculated. 

WET G ole 6 Biche OREO CR More DIRS ne ee 0° 19 18-9 
PNCETIC A CIC wiels.¢ iene. Goss efeee os 16-5° 39 38 8 
ReWzene Mert y os hie cicceicie ts Gin? 6° 53 53 
Nitro penzZeneweiss a ae doer ee 2 - 5 70 69-5 
[Dae nan Ge Coe oe eo ice 39-6° 75 77 
Neyo mPE GN 5h caooduccdnomaes 80° 69 69-4 
Wirethane sess osc < oa cvoe eae Ac 48-7 51-4 — 
SHAN TOMA CIO I sat miayecsie Cieneioien usc" - 53 e 45 — 
7p MO) KNOHDNE 5 omen agagdo seme 42.5 52-4 — 
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The last five solvents are very useful, and are better than 
glacial acetic acid, which is still often employed, because they are 
not hygroscopic. Moreover, they melt above the ordinary tem- 
perature, so that a cooling agent is unnecessary, and their con- 
stants are high. 

The following table shows that the molecular elevations of the 
boiling-point are usualiy smaller than the molecular depressions of 
the freezing-point. 


Molecular Elevation. 
Solvent. Boiling-point. 
Observed. Calculated. 

NWECY fe) Dee ade ea or Ge EE CMe oat 100° 5-1 5-2 
OES oy eee etn cs Saas 2 35-6° 22-1 21-1 
Ethylealcoholepen err ee eee 78-0° 11-3 11-5 
Benzen eaten icone Ream 80-4° 26-0 26-7 
ChloroformManae ork cr cee ree 61-0° 35-6 36-6 
PA COLOMCAS ei sntncin«ircne oenenel omer 56-3° Wied 16-7 


The numbers in thelast column of the tables are ecal- 
culated from van’t Horr’s formula 


_ 0-02X T2 


K Ww 


K being the molecular depression or elevation, TJ the freez- 
ing-point or boiling-point on the absolute scale, and W the 
latent heat of fusion or of evaporation per kilogramme of the 
solvent. 

14. EyKman has constructed convenient apparatuses for the 
determination of the depression of the freezing-point and the 
elevation of the boiling-point. The first (Fig. 6) comprises a small 
thermometer divided into twentieths of a degree with a small 
flask attached as shown in the figure, this being contained in a 
glass cylinder: it is held at the top by a stopper, and supported 
underneath by cotton-wool. The latter has the effect of making 
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the cooling take place slowly. Being a poor conductor of heat, 
the cotton-wool retards cooling. A weighed quantity of the solvent 
is placed in the flask, and its freezing-point determined. Then 
a known weight of the substance is introduced, and the freezing- 
point again observed. From the depression of the freezing-point 
thus obtained A can be calculated as in the example given (12). 


HH 
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Fig. 6.—EyYKMAN’S Fic. 7.—EyYKMAN’s BorLiIne- 
DEPRESSIMETER. POINT APPARATUS. 


15. EyKMAN’s apparatus (Fig. 7) for determining the eleva- 
tion of the boiling-point comprises a thermometer, and two glass 
vessels, A and B. The tube A is about 40 cm. long and 4 cm. 
wide, and serves both as a heating jacket for the pure solvent, 
and as an air-condenser. Into B, which is only a few millimetres 
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narrower than A, there is fused the boiling-tube C, with a narrow 
side-tube D.C is suspended from the clamp / by a platinum wire, 
P, twisted round its neck, and can be raised or lowered at will. 
The thermometer-scale is divided into tenths of a degree, the 
graduations being about one millimetre apart, so that with the 
aid of a lens it is possible to read to one-hundredth of a degree. 
Besides giving the boiling-point, the graduated scale of the ther- 
mometer also serves to indicate the volume of solution contained 
in(. For this purpose the vessel C with the thermometer placed 
in it must be calibrated by a gravimetric or volumetric method. 

When using the apparatus the solvent is introduced into C 
until the level of the liquid has risen to that of the first gradu- 
ation on the thermometer-scale, from 5 to 10 c.c. being needed. 
About 40 or 50 c.c. of the solvent are poured into the jacket A, 
and the apparatus heated with a micro-burner, using a large flame 
at first. When ebullition has begun, the size of the flame is re- 
duced so that the vapour is completely condensed in the tube A 
at a height shown in the figure by the letters A or E. 

When the liquid has boiled at a constant temperature for a short 
time, the height of the mercury is noted, and the clamp raised so 
that the open end of the boiling-tube C is some centimetres above 
the top of the jacket A. A weighed quantity—1-2 milligramme- 
molecules—of the substance under investigation is then introduced 
into C from a tared weighing-tube, and C gently lowered to its 
former position in the Jacket. While the weighing-tube is being 
weighed to ascertain how much substance has been added, the 
boiling-point of the solvent will have become constant. This is 
noted, the boiling-tube C again raised by the aid of the clamp K, 
and the volume accurately determined by reading with a lens the 
height of the solution-meniscus on the thermometer-scale. 

A second determination is made with a solution of greater 
concentration by introducing a further quantity of the substance 
from the weighing-tube, and repeating the series of operations 
just described. Since very little more time is needed for each 
operation than is required to tare the weighing-tube and its con- 
tents, a series of determinations at different concentrations can 
be quickly made, and the results plotted on squared paper. [rom 
the curve thus obtained the value of A for infinite dilution ean 
be readily calculated (12). 
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THE ELEMENT CARBON. 


16. Carbon occurs in three allotropic forms: diamond, graphite, 
and amorphous carbon. For a description of these the reader is 
referred to “Inorganic Chemistry,” 176-179, which also treats of 
the compounds of carbon with metalloids and metals, as well as 
with the determination of its atomic and molecular weights. The 
evidence in favour of the assumption that the molecule of carbon 
contains a great number of atoms is there set forth. 

Confirmation of this view is afforded by a consideration of the 
relation subsisting between the boiling-points of the compounds 
of carbon and of hydrogen. If these be denoted by the general 
formula C,H»o,_», then, even when n and p are both large num- 
bers, the boiling-points of these substances are relatively low, and 
rise with the increase of both n and p. For carbon itself, 2n = p, 
and, on account of the extraordinary non-volatility of this sub- 
stance, the value of n must be very great. 


In direct opposition to these arguments for the assumption of a 
high molecular weight for carbon is the considerable depression pro- 
duced in the freezing-point of iron by addition of a small proportion 
of carbon. Pure iron melts at about 1600°, but addition of 4-3 per 
cent. of carbon lowers the melting-point to 11380°. The molecular 
depression of iron is not large, as is proved by comparing the 
melting-points of iron-alloys containing a small percentage of alumin- 
ium or nickel with the melting-point of pure iron. In the equation 


AM = Constant 


the constant has thus a relatively small value. Therefore, the value 
of A being great, 1, the molecular weight of carbon, must be small. 

It is evident that the determination of the value of the molecular 
weight of earbon is a problem still awaiting solution. 


VALENCY. 


17. The subject of valency is treated of in ‘Inorganic Chem- 
istry,” 76. With univalent elements carbon forms compounds of 
the type CX4. It is therefore quadrivalent, and it is on this founda- 
tion that the whole superstructure of organic chemistry rests. 

The compound CO, is also an instance of the quadrivalency of 


‘earbon. In carbon monoxide, CO, on the other hand, the carbon 
atom must be looked upon as bivalent, at least if the bivalency of 
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oxygen is retained. Other compounds are weil known in which car- 
bon may be looked upon as bivalent, but their number is very small 
in comparison with those, numbering many thousands, in which 


carbon must be regarded as quadrivalent. 


LABORATORY-METHODS. 


18. To prevent repetition, it is desirable, before proceeding 


with the description of organic compounds, to give 
a short account of the most important operations 
used in their preparation and investigation. 

Heating Substances Together.—This process is 
very often used to induce reaction between bodies, 
since the velocity of reactions increases largely 
with rise of temperature (“Inorganic Chemistry,” 
13 and 104). Details vary according to the 
temperature to be attained. If this is consider- 
ably below the boiling-point of the most vola- 
tile compound, they are simply mixed together in 
a flask fitted with a thermometer, as in Fig. 8. 
The flask is immersed in an air-bath formed of a 
vertical iron cylinder closed at the lower end, a 
piece of stove-pipe being very suitable. The 
upper end is closed with a sheet of asbestos 
mill-board, with an opening for 
the neck of the flask. Should, 
however, the boiling-point of 
one of the substances be reached 
or overstepped, the flask must 
be connected with a condenser, 
as in Fig. 9. The invention of 
this form of condensing appa- 
ratus is usually attributed to 
Lresia, although it was first con- 
structed by WrerceL in 1771. It 
consists of a glass tube aa, en- 
closed in a jacket b of glass or 
metal, through which a stream  Sussrances 1N AN 
of cold water can pass. For OPEN Frasx. 


Fie. 8.—Heatine Fic. 9 aee 


WITH REFLUX- 
CONDENSER. 


substances of high boiling-point a plain vertical glass tube may 
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be substituted: it is called an “ 
cooled by the air alone. 


METHODS. 21 


air-condenser,”’ being sufficiently 


The effect of the condenser is evident: 


the boiling liquid is condensed in it and drops back into the flask. 


Fig. 10.—DIsTILLATION-APPARATUS. 


When substances have to be heated above their boiling-points, 
they are placed in a thick-walled glass tube sealed at one end: 
this is then sealed at the other, and heated in a tube-furnace 


{9, Fig. 3). 


19. Distillation.—The apparatus shown in Fig. 10 may be used, 


Fig. 11.—FRACTIONATING-FLASK. 


The apparatus shown in fig. 
tillation. 


but if the liquid to be distilled 
is of such a nature that it would 
become contaminated by the 
action of its vapour on the cork 
or rubber stopper shown in the 
figure, a distilling-flask (Fig. 11) 
is substituted, and, if its neck 
is sufficiently long, contact of the 
vapour with the stopper during 
distillation is prevented. 

20. At the ordinary pressure 


‘ many substances decompose on 


heating to their boiling-points, 
but distil unchanged under di- 
minished pressure, because the 
boiling-point is then much lower. 
12 can be used for vacuum-dis- 


iw) 
No 
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The liquid to be distilled is placed ind. A glass tube e, drawn 
out to a very fine point, dips into the liquid, and a thermometer 
is placed in it. As soon as the apparatus has been made vacuous 
by the water-pump w, a stream of small bubbles of air escapes 
from the fine point of the tube e, and serves to prevent the violent 
“bumping”? which otherwise occurs when liquids are boiled under 
diminished pressure. This bumping, caused by the sudden and 
intermittent formation of vapour, sometimes causes boiling over, - 
or fracture of the flask. The receiver 6 is kept cool by a stream 
of water from ¢. m is a mercury manometer: a is a two-way 


in 


Fig. 12.—DIsTILLATION IN VAcUUM. 


stop-cock which permits access of air to the apparatus after the 
distillation, and also serves to cut off the connection between the 
air-pump and the rest of the apparatus when the pump “strikes 
back ”; that is, when the water rises through the tube s into the 
apparatus. 

21. Theseparation of a mixture of volatile substances is effected 
by fractional distillation. If a mixture of two liquids, boiling, for 
example, at 100° and at 130°, is distilled, more of that boiling at 
100° distils over at the beginning, and more of that boiling at 130° 
at the end, of the operation. If the distillate passing over below 
110° is collected separately in one fraction, and similarly that 
between 120° and 130°, a rough separation is effected, while the 
middle fraction still consists of a mixture. To make the separa- 
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tion as complete as possible, the fraction 100°-110° is returned 
to the fractionation-flask and distilled till the thermometer reaches 
110°, the fraction 110°-120° then mixed with the residue in the 
fractionation-flask, and the distillation then continued till the 
thermometer again stands at 110°. The receiver is changed, and 
the distillation renewed till the thermometer reaches 120°. The 
fraction 120°-130° is then added to the liquid in the distillation- 
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Fic. 13.—FRACTIONATING-COLUMNS. 


flask, and the distillate collected in the same receiver, until the ther- 
mometer again indicates 120°. The portion distilling subse- 
quently is collected separately. By several repetitions of this process 
it is possible often to effect an almost complete separation, it being 
usually advantageous to collect the fractions between narrower 
limits of temperature, and thus to increase their number. 

The separation is much facilitated by using a fractionating- 
column (Fig. 13) connected to the neck of the boiling-flask: 
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the vapour of the least volatile constituents of the mixture is to 
a large extent condensed in the column. The stream of vapour 
from the distillation-flask heats the liquid in the fractionating- 
column, the effect being to vaporize its more volatile part, and 
simultaneously to condense the higher-boiling constituent of the 
vapour issuing from the flask. 


22. A change in the composition of most liquid mixtures does 
not occasion a proportional alteration in their properties, like that 
expressed in the annexed graphic representation (Fig. 14) by a straight 
line AB. The abscisse correspond with the molecular-percentage 
composition of the mixtures: the pomts A and B on the ordinates 
give the values of such physical constants as vapour-tension, boiling- 
point, specific gravity, etc.,for the pure substances A and B, and 
the line AB the values of these constants for mixtures. The 
curve thus obtained usually varies more or less from a straight 
line. 

The boiling-points of mixtures will be lower (line c) or higher 
(line 6) than those calculated by the proportion-rule. Sometimes, 
these boiling-point curves will depart so much from the straight 
line as to show such maxima and minima as the curves a and d. 
Complete separation of such mixtures by fractional distillation at 
constant pressure is impossible, but is feasible when the boiling- 
point curves follow the course indicated by b or c. The most 
volatile, or lowest boiling, constituent of a mixture always distils 
first, so that the vapour is richer in A and the residual liquid in B. 
If the pure constituents A and B are more, or less, volatile than 
any mixture of the two, as represented by the boiling-point curves 
b and c¢, continued fractional distillation must lead to an approxi- 
mately complete separation of A and B. But if the boiling-point 
curve has a maximum or minimum, the mixtures corresponding 
with it will consist of the most, or least, volatile constituents. On 
distillation, a fraction with this highest, or lowest, boiling-point will 
always be obtained, and at constant pressure further separation 
will be impossible. 

Comprehension of this phenomenon will be facilitated by cen- 
sidering a boiling-point curve b without a maximum or minimum 
(Fig. 15). Since the most volatile portion of any mixture always 
volatilizes first, the vapour evolved from a boiling liquid always 
contains more of A than the liquid itself. When the composition 
of the mixture is b, that of the liquid will be b’. The vapour-tension 
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curve Ab’B throughout the complete trajectory AB lies higher 
than the boiling-point curve (118). 

If the boiling-point curve has a maximum b (Fig. 16), along the 
trajectory Ab the vapour will be richer in A than the liquid from 


0 Percentages 100 0 Percentages 100 
Fig, 14. Fie, 15. 


0 ‘Percentages 100 


EtG Oy 
FRACTIONAL-DISTILLATION CURVES. 


which it is evolved: along the trajectory bB the vapour will contain 
more of B than the liquid, since B is now the most volatile, or 
lowest boiling, constituent. It follows that at the maximum } 
the vapour must have exactly the same composition as the liquid; 
that is, the mixture with maximum boiling-point distils at a constant 
temperature as though it were a single substance. For a mixture 
of liquids with a minimum boiling-point analogous results are 
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obtained, so that in the graphic representation the vapour-tension 
curve must be tangential to the boiling-point curve, and touch it 
at the minimum-point. 

The separation of a mixture of liquids by fractionation is also 
impossible when the boiling-points of its constituents are close 
together, because the essential characteristic of the whole method 
consists in the unequal volatility of the portions composing the 
mixture, resulting in the distillation of one substance before the 
other. If, however, the substances have nearly the same boiling- 
point, then both attain a vapour-tension of one atmosphere at al- 
most the same temperature; in other words, they are almost equally 
volatile. With these conditions it is therefore impossible to apply 
the method successfully. 


23. Steam-distillation. — In the preparation of many organic 
substances a crude reaction-product is often obtained containing 
tarry matter along with the required compound. To free the 
substance from this, use is often very advantageously made of the 
property possessed by many substances of distilling in a current 
of steam, the tarry matter remaining behind. Fig. 17 shows the 
apparatus employed in such a distillation. 

Water is boiled in the can a, fitted with a delivery-tube c and 
a safety-tube b, the evolved steam being passed into the bottom 
of the distillation-flask d. If the distillation is interrupted, cooling 
causes diminished pressure in a, air being then able to enter the 
tube b. If b were not used, the liquid in d would flow back into 
a, owing to the fall in the steam-pressure. 

Steam-distillation is also of service in separating compounds 
volatile with steam from others not volatile. With substances in- 
soluble in water, the distillate is a milky liquid, because the water 
in the receiver is mixed with fine, oily drops. There is also an oily 
layer above or below the water. 


In steam-distillations two liquids take part—water and the sub- 
stance to be distilled. Usually these liquids are not miscible in all 
proportions. In the limiting case, when each liquid is wholly insoluble 
in the other, the vapour- pr essure of each is unaffected by the presence 
of the other At the boiling-point of the mixture, the sum of the 
vapour-pressures of the two constituents must be equal to the baro- 
metric pressure, since the liquid is boiling. The boiling-point must 
be lower than that at ordinary pressure of the lower-boiling of the two 
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substances, because the partial pressure is necessarily smaller than 
the total pressure, which is equal to that of the atmosphere. The 
same result is therefore attained as by distillation at diminished 
pressure; that is, the volatilization of the substance at a tem- 
perature lower than its boiling-point under ordinary pressure. 
Whether a substance distils quickly or slowly with steam de- 
pends on its partial pressure and on its vapour-density, together with 
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Fig. 17.—StTeAM-DISTILLATION. 


the values of these physical constants for water. If the pressures 
are p. and jp», and the vapour-densities d, and d:, the quantities dis- 
tilling simultaneously are md. (substance) and pd, (water). If the 
ratio p.d, : Pode is large, the substance distils with a small quantity of 
water, the distillation being quickly completed. The reverse takes 
place when the ratio pd, : pod. is small. 

James WALKER gives the following example. At a pressure of 
760 mm. a mixture of nitrobenzene and water boils at 99°. The 
steam exerts a pressure of 733 mm., so that the tension of the nitro- 
benzene-vapour is 27 mm. Since the vapour-densities of water and 
nitrobenzene are in the ratio of their respective molecular weights, 
18 and 123, the proportion of water to nitrobenzene in the distillate 
should be as 733 X 18:27 X 123; that is, approximately as 4:1. Not- 
withstanding its small vapour-tension at the boiling-point of the 
mixture, the quantity of nitrobenzene which passes over is about one- 
fifth of the total distillate, the rapid volatilization of the nitrobenzene 
being due to the fact that it has a large, and water a small, molecular 
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weight. Even when an organic compound under similar conditions 
has a vapour-tension of only 10mm.. it distils with steam sufficiently 
rapidly to render the method applicable to its purification. 
24. Separation of Two Immiscible Liquids.—For this purpose, 
a separating-junnel (Fig. 18) is employed: the method can be 
inferred from the drawing without further explanation. 
It is also applied to the extraction of aqueous  solu- 
tions of substances soluble in a volatile liquid im- 
miscible with water, such as ether, light petroleum, 
chloroform, carbon disulphide. The solution is trans- 
ferred to a separating-funnel; ether, if that solvent 
is selected, is added; and after the mouth of the 
funnel has been closed by a glass stopper, the two 
liquids are mixed together by vigorous shaking, 
whereupon the substance dissolved in the water 
passes partly into the ether. The ethereal solution 
is allowed to rise to the surface, and separated from 
the water by opening the stop-cock after removal 
SES a are of the stopper. The water dissolved by the ether 
NEL. during the shaking is removed by chloride of cal- 
cium, or some other drying agent, and finally the ether is distilled 
off. When the dissolved substance is only slightly soluble in 
water, and easily soluble in ether, the extraction is completed 
quickly: it is then possible to exhaust the aqueous solution almost 
completely by several repetitions of the process, using fresh ether 
for each extraction. Otherwise, the shaking must be repeatedly 
carried out, and even then the extraction is imperfect. 


When two immiscible solvents are simultaneously in contact with 
a substance soluble in both, the latter distributes itself so that the 
ratio of the concentrations reached in both solvents is constant 
(law of Bertuetot). If a quantity X, of the substance is dis- 
solved in a quantity / of the first solvent (water), and this solution 
extracted with a quantity m of the second solvent (ether), there will 
then remain a quantity X, in the first solution, so that X,—X, has 
passed into the second solvent. 

The value of the quantity X: is, in accordance with the above 
law, given by the equation 
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X,—-X 


for ae and 


the solvents, and K is the number expressing the constant ratio, or 
the coefficient of distribution (German, Teilungskoeffizient). 

A second extraction with the same quantity m of the second 
solvent gives 


are the two concentrations after agitation with 


_ceeks 


x» 
l m 


or, substituting the value of X, from the first equation, 


Kil \? 
eS oS ; 


and for the nth extraction, 


Thus Xn, the quantity remaining in the first solvent (water), 
diminishes as n increases, and as m and K are respectively greater 
and less. Complete extraction is impossible, because although 


K n : 
= =) can approach zero very closely, it can never become 


equal to it. 

Examples will facilitate comprehension of this formula. Sup: 
pose the problem is to determine how often 1000 c.c. of an aqueous 
solution of benzoic acid must be extracted with 200 c.c. of ether to 
remove all the benzoic acid from the solution. In this instance 
1=1000 c.c., and m=200 c.c. By experiment K is found to have 
approximately the value 35; that is, if the concentration of the 
benzoic acid in the ethereal solution is represented by 80, that in 
the aqueous solution is expressed by 1. On substituting these 
values for J, m, and K respectively, the formula becomes 


x Kl 1000 X s'5 1 


which means that a single extraction with 200 c.c. of ether leaves 7; 
of the benzoic acid in the aqueous solution. After three extrac- 


17 4913 
acid, so that the extraction of the acid is practically complete. 
For succinic acid K=6. A single extraction of 1000 c.c. of an 


, INS ] 
tions with 200 c.c. of ether, there remains only ‘=! =— of the 
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aqueous solution of this acid with 200 c.c. of ether leaves 
6000 30 


————— =— of the acid still dissolved in the water. Repeated 
200+6000 31 


extraction is necessary to remove all the succinic acid from the 
aqueous solution. 

It can be further shown from the equa- 
tion by the use of the differential calculus 
that with a given quantity of the second 
solvent (ether) a more complete separa- 
tion is effected by extracting frequently 
with small quantities than by using 
larger quantities a correspondingly fewer 
number of times. 


Separation of Solids and Liquids.— 
This is effected by filtration, a process 
materially accelerated by attaching the 
funnel with a rubber stopper to a flask 
a (Fig. 19), connected through b to a 
water air-pump. To prevent rupture of 
the point of the filter-paper, it must be 
supported by a hollow platinum cone c. 

25. Separation of Solids from one Another.—This process de- 
perds on difference in solubility. For a soluble and an insoluble 
substance the operation is very simple. If both substances are 
soluble, the method of jractional crystallization must be used. 
The mixture is dissolved in the minimum quantity of a boiling 
liquid: on cooling the solution the less soluble substance crystallizes 
first. The mother-liquor is poured off just as crystals of the second 
body begin to separate, and the second compound crystallized either 
by further cooling or by concentrating the liquid by evaporation. 
Several repetitions of these processes are essential to the separa- 
tion. Even when the pure compounds have very different solu- 
bilities, the method is not free from difficulty, because the solu- 
bility of one substance may be very considerably modified by the 
presence of another. Water, alcohol, ether, glacial acetic acid, 
benzene, and other substances are employed as solvents. 

26. From the foregoing it 1s seen that solid substances are 
usually purified by crystallization, and liquids by distillation. It 
is an indication of purity when the physical constants remain un- 
changed after the substance has been purified anew. Although 


Fig. 19.—FILTERING- 
FLASK, 
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every physical constant could serve this purpose, the melting- 
point and the boiling-point are those most used, because they are 
easily determined, and slight impurities exercise a very material 
influence upon them. They also often afford a means of identify- 
ing substances. If a compound has been obtained 
by some process and is supposed to be one already 
known, it is strong evidence in favour of the suppo- 
sition if the melting-point and boiling-point of the 
substance coincide with those of the compound with 
which it is supposed to be identical. For this reason 
determinations of melting-points and boiling-points 
are very often carried out. 

The best method of ascertaining whether two 
substances are identical is to mix them in approxi- 
mately equal proportions and determine the melt- 
ing-point of the mixture. When identity exists, the 
melting-point of the mixture will coincide with that 
of the two individual substances; when it does not, 
the mixture melts at a much lower temperature, 
which is not sharply defined. 


Fie. 20.— Dr- 
TERMINATION 
OF THE MELT- 


To determine the melting-point, the substance 
ING-POINT. 


is placed in a narrow thin-walled small tube sealed 

at one end (Fig. 20). This tube is attached to a thermometer f, 
the bulb of which dips into a liquid of high boiling-point, 
such as concentrated sulphuric acid or liquid paraffin (33), 
the viscosity of either causing the small tube to adhere to 
the thermometer. The tube alc, surrounding the bulb of the 
thermometer and the little tube, is loosely fixed in a small 
round glass flask adc, containing the same liquid as the tube 
alc. When adc is heated, the contents of the tube alc are, 
warmed uniformly, and the moment of fusion of the substance. 
at which the thermometer is read, can be very accurately 
observed. 

The boiling-point is determined by heating the liquid to boil- 
ing in a fractionation-flask with a high side-tube. Short ther- 
mometers are used, so that the whole of the mercury column is 
surrounded by the vapour of the boiling liquid. To avoid in- 
conveniently small graduations, these thermometers are con- 
structed so that they can only be employed for a comparatively 
small range of temperature, six or seven different instruments 
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being used for temperatures between 0° and 360°. These are 
called ‘‘abbreviated ”’ thermometers. 


27. Sometimes physical constants other than the melting-points 
and boiling-points are determined in the investigation of organic 
compounds. 1. The specific gravity can 
be determined with the pyknometer, the 
most useful form of which is shown in 
Fig. 21. It consists of two thick-walled 
capillaries ab and cd, terminating in a 
wider tube bc. The parts aa and dd are 
furnished with a millimetre-scale. The 
capacity of the apparatus is first deter- 
mined, as well as that of the space be- 
tween two divisions, by filling it several 
Fic. 21.—PyYKNOMETER. times up to different divisions with water 

of known temperature, and then weigh- 
ing. The liquid under investigation is then placed in the apparatus, 
and this is weighed after the positions of the menisci in the capil- 
laries have been observed; from the data thus obtained the specific 
gravity can be calculated. 

2. The rotation of the plane of polarization is another constant of 
importance. 

Some substances, such as turpentine, a solution of sugar, etc., 
have the property of rotating out of its original position the plane 
of a ray of polarized light passing through them. This phenomenon 
is called the rotation of the plane of polarization, and substances pos- 
sessing this property are said to be optically active. Polarimeters 
have been constructed for measuring the angle through which the 
plane of polarization has been rotated by an optically active sub- 
stance: of these Laurent’s (Fig. 22) is one of the best known. The 
yellow sodium-light of the burner TT is polarized in the part of the 
apparatus marked BD, and then passes through a tube of known 
length (200-500 mm.) placed in the channel L. This tube contains 
the liquid or solution under examination. The part OC of the appa- 
ratus serves to measure the rotation of the plane of polarization. 

The extent to which the plane of polarization is rotated is pro- 
portional to the length of the tube, and is variously expressed. The 
rotation of a substance can be stated, for example, in terms of 
the effect produced by a given length of the tube described. The 
angle of rotation is read off directly from the instrument, and is 
usually denoted by a. By convention, the specific rotaiory power 
is defined as the quotient obtained by dividing a by the product of 
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the length of the tube into the specific gravity of the liquid. This 
value is denoted by [a], so that 


[->; 


where J is the length of the tube, and d the specific gravity of the 
liquid. Under these conditions, [a] expresses the rotatory power of 
a substance per unit length of the tube (1 decimetre), and for unit 
weight of the substance divided into the unit of volume. 


YAN . 


Fic. 22, LAURENT’S ROLARIMETER. 


The extent of the rotation is dependent on the colour of the light. 
The measurement is often carried out with sodium-light, which 
gives a yellow line in the spectroscope, denoted by D, This is ex 
pressed by the symbol [a]p. 

When the rotatory power of assubstance is small, or when. on 
account of its slight solubility, it can only be obtained in dilute solu- 
tion, the rotation can often be increased by adding a solution of 
boric acid, molybdie acid, uranium salts, or other substances. The 
cause of this phenomenon is not fully understood. 

It is often important to determine constants, such as the 
index of refraction, the molecular electric conductivity, the heat of 
combustion, and others. 
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CLASSIFICATION OF ORGANIC COMPOUNDS. 


28. The organic compounds are very numerous. They are 
usually classed in two main divisions. One of these includes the 
jatty or aliphatic compounds, and the other the aromatic com- 
pounds. The first owes its name to the fact that the animal and 
vegetable fats belong to it; the second, to its containing many 
compounds, among the first to be discovered in this division, 
characterized by an agreeable smell or aroma. 

The aliphatic compounds and the aromatic compounds are 
regarded as being derived from methane, CH,, and benzene, 
CgH¢, or compounds related to them, respectively. 

It will be shown later that there are important differences 
between the general properties of these two classes of compounds. 


BIRSE PART. 


Gitte ALLPHATIC COMPOUNDS: 


SATURATED HYDROCARBONS. 


29. The aliphatic compounds are defined in 28 as those derived 
from methane, CHy. It is, therefore, advisable to begin the study 
of these compounds with this hydrocarbon. 

Methane occurs in nature in the gases evolved from volcanoes. 
It escapes in coal-mines during the working of the coal-seams, and 
is called fire-damp by the miners. It is also called marsh-gas, 
being present in the gases evolved from marshes by decay of vege- 
table matter. It is an important constituent of coal-gas, being 
present to the extent of 30-40 per cent. 

It can be obtained by the following methods. 

1. By Brerruetot’s synthesis. A mixture of HS and CS, 
is led over red-hot copper contained in a tube, when the following 
reaction ensues: 


2H2S+4+ CS2+4Cu=4CuS+ CH. 


2. By SaBaTIER and SENDERENS’s synthesis. When a mixture 
of hydrogen and carbon monoxide is passed over reduced nickel 
at 250°-300°, methane is formed: 


CO+3H2=CH,+H,0. 


The nickel undergoes no apparent change, and can be used re- 
peatedly. At a temperature of 230°-300°, carbon dioxide reacts 
similarly with hydrogen in presence of finely-divided nickel: 


CO2+ 4H,.=CH,+ 2H20. 
Since CSo, H28, CO, and COz2 can be obtained by direct syn- 
thesis from their elements, these reactions furnish methods of 


preparing methane synthetically. 
35 
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Methane can also be synthesized directly from its elements by 
passing hydrogen through a heated tube containing reduced nickel 
mixed with very finely-divided carbon obtained by previously 
decomposing methane. An equilibrium is attained, corresponding 
at 475° and one atmosphere with 51 per cent. of methane: 

CH4z@C+2Hpe. 
3. By the action of water on aluminium carbide: 
C3Al4+ 12H20 =3CH, + 4Al(OH)3. 

Other methods of preparation are referred to in 82 and 89. 

30. Physical and Chemical Properties.—Methane is an odour- 
less and colourless gas of sp. gr. 0-559 (air=1), liquefying at 11° 
and 180 atmospheres. It boils at —160°, and solidifies at — 186°. 
It is only slightly soluble in water, but more so in alechol. It is 
decomposed into carbon and hydrogen by the sparks of an induc- 
tion-coil, or in the electric arc. Oxidizing substances, such as 
nitric and chromic acids, do not attack it, or only very, slightly, 
while concentrated sulphuric acid and strong alkalis have ne 
action upon it. Jt burns with an almost non-luminous flame. 
When mixed with air or oxygen it forms a violently explosive 
mixture, the reaction being in accordance with the equation 


CH4+202=CO2+ 2H20. 


This so-called ‘‘fire-damp ”’ is the cause of the explosions which 
sometimes occur in coal-mines. Chlorine and bromine react with 
methane, replacing its hydrogen atoms by halogen atoms, and 
forming a hydrogen halide: 


CH,+ 2Cl =CH;Cl+ HCl. 


The replacement of one atom by another is called substitution. 
If chlorine or bromine is present in excess, the final product is 
CCl, or CBr4. 

31. There exists a series of hydrocarbons having general chem- 
ical properties similar to those of methane. Examples of these 
compounds are ethane CoH, propane C3Hs, butane C4H 0, pen- 
tane C5Hy2, hexane CgHy4, etc., pentatriacontane C3,H72, and hexa- 
contane CgpHi22. These formule can be summed up in the general 
expression C,Hon,2: for methane, n=1. The hydrocarbons 
Cy, Hon.2 resemble methane in their power of resisting oxidation, 
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and are unacted on by concentrated sulphuric acid, while halogens 
act on them with substitution of hydrogen and formation of 
compounds C,H2_41Cl, C,H2,Cl2, and so on. 

The higher hydrocarbons can be obtained by building-up 
from those lower in the series. For example, ethane is got from 
methane by replacement of a hydrogen atom by halogen, and 
treatment of the halide thus obtained with sodium or calcium: 


2CH31 + Nap=CoH,+2Nal. 


Propane can be prepared in accordance with tne following equa- 
tion: 
CHslI ae CoHsI ae Nag = C3Hg+ 2Nal: 


and, in general, C,Hon+2 is obtained by the action of sodium upon 
CmHom+11+ CpHop4i11, when m+ p=n. 


In addition to propane, butane, C,H,, is formed from 2C,H,I, 
and ethane, C,H,, from 2CH,I, three hydrocarbons being obtained. 
This is always so in such syntheses. 


Since methane can be prepared synthetically, it is evidently 
possible to synthesize each hydrocarbon of the formula C,Hoy +9. 

32. Nomenclature.—The hydrocarbons C,Hop,2 are always 
denoted by the termination ‘‘ane.” The first four members, 
methane, ethane, propane, and butane, have special names: the 
others are denoted by the Greek or Latin numeral corresponding 
with the number of carbon atom:. Thus CgHjg is called octane, 
Cy2Ho26 dodecane, C3;H¢4 hentriacontane, and so on. 

It will often be necessary to consider groups of atoms un- 
obtainable in the free state, but theoretically derivable by re- 
moval of a hydrogen atom from the hydrocarbons C,Hoy 4». 
These groups have the general formula C,Hon41, and are called 
alkyl-groups. They are denoted individually by changing the 
termination ‘‘ane” of the corresponding hydrocarbon into “yl.” 
Thus CH; is called methyl, CoHs ethyl, C3H7 propyl, C4Hg butyl, 
C,2Ho25 dodecyl, etc. 

The hydrocarbons CyHony2 have the general name saturated 
hydrocarbons, because they are saturated with hydrogen; that is, 
are unable to take up any more hydrogen atoms into the molecule. 
They are also cailed paraffins, because paraffin-wax consists of a 
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mixture of the higher members. The word paraffin is derived 
from parum affinis, and indicates the stability of this substance 
towards chemical reagents. 

33. Occurrence in Nature-——The hydrocarbons C,Hop42 occur 
in nature in enormous quantities. Crude American petroleum 
consists of a mixture of a great number of these compounds, from 
the lowest to the highest members of the series. Three principal pro- 
ductsare obtained from this petroleum by fractional distillation, after 
treatment with acids and alkalistofree it fromsubstances other than 
hydrocarbons of the formula C,H2,+2. The most volatile por- 
tion is called light petroleum, petroleum-ether, benzine, naphtha, or 
ligroin: it distils between 40° and 150°, and contains lower mem- 
bers, chiefly CgHy4, C7Hig, and CgHyig. It is extensively employed 
as a solvent for fats, oils, and resins, and is also applied to the 
removal of stains from clothing in the “dry-cleaning process.” 

The portion distilling between 150°-300° is ordinary petroleum, 
and is used on a large scale for lighting and cooking. 


The danger involved in its use is by no means small, a large num- 
ber of accidents by fire being attributable to this source. The fact 
that fires are often caused by the overturning of petroleum-lamps 
is traceable to the presence in the petroleum of a part of the more 
volatile products, and to their vapour producing an inflammable 
mixture with air. When a lamp filled with petroleum freed by 
careful fractionation from constituents of low boiling-point, is upset, 
the flame is extinguished. Petroleum thus purified is a commercial 
- product. 

To ascertain whether a sample of petroleum contains these more 
volatile produets, its flash-point is determined by heating it slowly 
ina specially constructed apparatus, devised by Sir FrepERIcK ABEL, 
and observing the temperature at which the mixture of vapour and 
air over the petroleum can just be ignited. Experience has shown 
that there is no danger with a flash-point of 40° C. (104° F.). Large 
quantities of petroleum come into the market with a flash-pcint of 
22°-24° C. (72°-75° F.): they are the cheaper kinds, are used by 
the largest proportion of the population, and constitute a great 
source of danger from fire. It would be very advantageous if the 
law insisted upon a flash-point of about 40° C. or 104° F., as has 
already been done in some countries. 


The portion of the crude petroleum which does not distil below 
300°, but remains in the still, is named ‘‘vaseline.”’ It is semi- 
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solid at ordinary temperatures, white when pure, and is used in 
pharmacy in the preparation of ointments. It is further employed 
for covering the surface of metallic articles to protect them from 
oxidation, for this purpose being better than fat, because the 
latter turns sour and then attacks the surface of the metal, whereas 
vaseline has a neutral reaction, and remains unchanged in the air. 

As already mentioned, paraffin-wax is a mixture of the highest 
members of the series C,H2,,2. Some kinds of crude petroleum, 
notably that obtained from Java, contain considerable quantities 
of these highest members. They are present in but small amount 
in American petroleum. 

Liquid paraffin is a product of high boiling-point, obtained in 
the dry distillation of brown coal. 

Earth-wax, or ozokerite, occurs in Galicia, and consists chiefly 
of paraffin. This substance is also obtained in the dry distillation 
of the brown coal found in Saxony. 


34. Petroleum has probably been formed from fats under the 
influence of high temperature combined with great pressure, ENGLER 
having obtained a liquid very similar to American petroleum by 
distilling these substances under increased pressure. Opinion is 
divided concerning the origin of these fats. According to some, 
they come from fish; but it is difficult to understand how the enor- 
mous quantities of petroleum found in some places could have this 
origin. Another explanation attributes its formation to very small 
organisms, called diatoms: they were present in enormous numbers 
in the earlier geological periods. They produced a sort of wax, and 
it yielded petroleum when distilled under pressure. 

Another hypothesis has been suggested by Morssan. It attrib- 
utes the formation of petroleum to the action of water on certain 
metallic carbides formed by the intense heat of volcanoes. On 
treatment with water, most of these carbides yield gaseous hydro- 
carbons, principally methane and acetylene. But when these hy- 
drocarbons are exposed to a high temperature and pressure they are 
converted into a liquid resembling petroleum, the change being much 
facilitated by the presence of hydrogen, and by the catalytic influence 
of finely-divided metals, such as iron or nickel. Sasarier and SEn- 
DERENS have thus been able, by varying the experimental conditions, 
to prepare specimens of synthetical petroleum resembling the natural 
products of the Caucasus, Galicia, and America. 
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Homologous Series. 


35. Each of the hydrocarbons C,He2_42 differs in composition 
from the rest by nXCHog, as the general formula shows. It was 
pointed out (31) that this difference exercises but slight influence 
on their chemical properties. 

Whenever organic compounds show great resemblance in their 
chemical properties, and have at the same time a difference in 
composition of nxCHg, they are said to be homologous, the name 
homologous series being given to such a group of compounds. As 
will be seen later, many of these series are known. 

It is easy to understand how much this simplifies the study of 
organic chemistry. Instead of having to consider the chemical 
properties of each compound individually, it is sufficient to do so 
for one member of a homologous series, as this gives the principal 
characteristics of all the other members. In addition to the 
main properties common to the members of a homologous series, 
each individual member has its characteristics. Except in a few 
instances, this book will not deal with the latter, because they 
only need to be considered in a more extensive survey of the sub- 
ject. 

36. The physical properties, such as the melting-points and 
boiling-points, specific gravities, and solubilities, of the members 
of a homologous series, generally change uniformly as the number 
of carbon atoms increasa3s. In general it may be said that the 
melting-points and boiling-points rise from the lower to the higher 
members of a homologous series. 

A table of some of the physical constants of a number of 
normal (40) members of the paraffin series is given on p. 41, 

An inspection of this table reveals that the first four members 
are gases at the ordinary temperature, those from C5 to Cy liquids, 
and the higher members solids. Although methane is odourless, 
the liquid members have a characteristic petroleum-like smell; 
the solid members, on the other hand, are odouriess. All are 
nearly insoluble in water. 

It should be further remarked that the differences between the 
melting-points and boiling-points respectively of successive mem- 
bers of the series become smaller with increase in the number of 
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carbon atoms. This phenomenon is usually found in homologous 
series. 


| 
° Ss ’ 

pee Namie. oe “Hosting “Boiling cvecifie Gravity. 

oint. int. . 
CH, | Methane —186° |—160° 106+3°| 0-415 (at —160°) 
C,H, | Ethane — 172-19 — 98° |= 95-3°) 0-446 (at 0°) 
C,H, | Propane —  |— 453 |— 48-1°/ 0-536 (at 0°) 
C,H, | Butane Se 1 Ae 0.4° 0-600 (at 0°) 
C,H,, | Pentane —— 36-4" 364° 0-627 (at 14°) 
C,H,, | Hexane a cae 68-9" 68-9°| 0-658 (at 20°) 
C,H,, | Heptar- wnat 98-4°| 98-391 0-683 7 ” 
C.H,,. | Octax? , 125-6" 125-1°| 0-702 ”. ” 
C,H. | Nonar? = ol 149-5 149-89 0-718 ” ” 
CoH» | Decar® moet Yi 178 172-890-730 7 7 
CuH., Undecane - 26° 194° 194-3°| 0-774 at melting-point 
C,,H,, | Dede: 2e — 12 214-5°| 214-6 0-773 ” 2 
C,.Hso ee fs so ae ae » " 

7 _xadecane 287+! 285+ Orme 

Gels Hicosane 36-5°| 205° * 0-775” ” 
CG. H” | Heneicosane 40-19} 215° — |0-7778” 2 
C.,.b* Tricosane ~ 47-4°| 234° ee O TeOOK ” 
romeer’ Hentriacontane 68-4°| 302° ee LO9n, ” 
©, Hr Pentatriacontane| 74° 331° | On 7so! ” 
(0H jo| Hexacontane 101° = 


* At 15 mm. pressure, and the same for those following, 


For the boiling-points these differences are functions of the ab- 
solute temperature. SypNey Youna has induced the empirical 
formula 

144-86 
PN eee 
p0-01484/T 

giving the difference in boiling-point of two successive members of 
the series, when T is the boiling-point on the absolute scale of the 
more volatile of the two homologues. The boiling-points in the 
fifth column of the table in this section were calculated by the aid 
of this formula. 

The expression holds not only for this homologous series of 
hydrocarbons, but also for many other homologous series. The dif- 
ferences between the calculated and observed boiling-points are 
greatest for the lower members. For some homologous series the 
divergences are considerable, but can usually be proved to be 
due to association of the molecules of the compound in the liquid 
state; that is, the molecular weight in this condition is twice, or a 
higher multiple of, that in the normal gaseous state. 
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Youne’s formula holds for normal pressure, 760 mm. For the 
absolute boiling-points of two substances a and 6 the simple relation 


often obtains, 4 -4qd 7’ being the absolute boiling-points of the 
substances at the Same . Nitrary pressure. Otherwise expressed, 


this equation means that the ratio ~* the boiling-points at different 
pressures is constant. 


Isomerism and Structure. 


37. Only one substance with the formula CH4 is) known: it 
is methane. Similarly, there is only one compound haying the 
formula C2H¢, and one with the formula C3Hg. There are known, 
however, two compounds with the formula C4Hi0, tipee with 
the formula C5Hj2, five with the formula CgHy4, and so ox The 
phenomenon of two or more compounds being represented b.. one © 
formula is called zsomerism (2), and compounds having the se me 
formula are called zsomerides. Isomerism is explained ‘by a co,_ 
sideration of the grouping of the atoms in the molecule. 

One of two hypotheses may be adopted. In the first place, the 
arrangement of the atoms may be regarded as continually chang- 
ing, a molecule being represented as like a planetary system, the 
configuration of which changes from moment to moment. This 
hypothesis, however, cannot explain the phenomenon of isomerism. 
For example, it is not apparent how the four carbon atoms and 
ten hydrogen atoms in butane could form two different substances 
if the arrangement were indeterminate, for there are trillions 
of molecules present in even one cubic millimetre, and all the 
possible configurations of these fourteen atoms must therefore 
be supposed to exist at any instant. 

Isomerism can at once be understood by assuming a definite 
and unchanging arrangement of che atoms in the molecule, be- 
cause the difference in the properties of isomeric compounds may 
be then explained by a difference in the arrangement of equal 
numbers of the same atoms. 


A definite and unchanging arrangement of the atoms in a mole- 
cule does not involve their being immovable with respect to one 
another. For example, they might revolve round a point of 
equilibrium without alteration in their order of succession. 
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38. Since the phenomenon of isomerism leads to the assump- 
tion of a definite arrangement of the atoms in the molecule, it is 
necessary to solve the problem of how the atoms in the molecules 
of different compounds are arranged. The basis of the solution 
is the quadrivalency of the carbon atom. In methane the arrange- 
ment of the atoms may be represented by the formula 

H 
Cay 
xX 
H 
in which the four linkings of the carbon atom act, as it were, 
like four points of attraction, each holding a univalent hydrogen 
atom fast. This is the only possibility, because the hydrogen 
atoms cannot be bound to one another, the only point of at- 
traction, or single linking, of each being already in union with 
one of the linkings of the carbon atom. 

The arrangement of the atoms in ethane, C.,H,, must now 
be investigated. This substance can be obtained by the action 
of sodium upon methyl iodide, CHsI (59), with a quadrivalent 
carbon atom, three univalent hydrogen atoms, and one univalent 
iodine atom. It must therefore be represented thus: 


Sodium reacts with methyl iodide by withdrawing the iodine 
atoms from two molecules, with formation of ethane. The re- 
moval of the iodine atom has the effect of setting free the carbon 
linking previously attached to this atom, with the production of 


two groups 


Since the formula of ethane is CoHg, it is evident that the only 
possible arrangement of its atoms is that having the two free 
linkings of the methyl-groups united to one another: 
H H 
HSc—cZ H 


HH?) SEH 
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The arrangement of the atoms in propane can be determined 
in an exactly analogous manner. it was mentioned (31) that 
propane is formed by the action of sodium on a mixture of methyl 
and ethyl halides. Since ethane can be prepared by the action 
of sodium on methyl] iodide, the formula of an ethyl halide can 
only be 


HS fl 
ae Se 


where X represents a halogen atom. 

If the halogen is taken away from this substance and from 
methyl] iodide simultaneously, the residues unite, showing that 
propane has the structure 


7 

H 

Ww / 
CC] 04h: 

ay ke NH 


or shortly H3C-CH»2-CHs3. 

Such an arrangement of symbols expressing the configuration 
of a molecule, and indicating the form or structure, is called a 
structural or constitutional formula. 

39.. The following example makes it clear how cases of isomer- 
ism can be explained by differences in structure. One of the five 
known hexanes boils at 69°, and has a specific gravity of 0-6583 
at 20-9°: another boils at 58°, and has a specific gravity of 0-6701 
at 17-5°. The first is obtained by the action of sodium on normal 
propyl todide, CH3-CHy-CHeI. From the foregoing it follows 
that this hexane must have the structure 


CH3-CHy-CH,—CH 2 -CH2-CH3. 


It is named dipropyl, on the assumption that it has been formed 
by the union of two propyl-groups. 

in addition to tais normal propyl iodide, an isomeride called 
isopropyl iodide is known. Both compounds can be readily 
converted into propane, CH3-CHy-CH3. Assuming that the 
isomerism is due to a different arrangement of the atoms in the 
molecule, it follows that the isomerism of the two compounds. 
C3H7I can only be explained by a difference in the position occu- 


mre 
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pied by the iodine atom in the molecule, because the arrangement, 
of the atoms in propane is known, and the propyl iodides only 
differ from propane in having one of the hydrogen atoms in the 
latter replaced by iodine. isoPropyl iodide must therefore have 
the structure 

H 

CH3-C-CHs3, 
I 


if the constitution of normal propyl iodide is CH3-CH»-CHol. 
The hexane boiling at 58° is produced by the action of sodium 
on isopropyl! iodide, and consequently must have the structure 


3 ; 3 
Gieciecie CH. | cH, 


Hence it is called diisopropyl. 


Carbon Chains. 


40. The foregoing facts evidently make it reasonable to assume 
the existence of a bond between carbon atoms in the molecules 
of organic compounds. This bond is a very strong one, since the 
saturated hydrocarbons resist the action of powerful chemical 
reagents (31). The property possessed by carbon atoms of com- 
bining to form a series of matty atoms, a carbon chain, like that 
in the hexanes above described, furnishes a marked distinction 
between them and the atoms of all the other elements which 
either have not this power, or have it only in a very inferior de- 
gree. The fact that the number of carbon compounds is_ so 
enormous is due to this property, in conjunction with the quadri- 
valency of the carbon atom. 

A carbon chain like that in dipropy! is said to be normal. 
On the other hand, an example of a branched chain is fur- 
nished by diisopropyl. Each carbon atom in the normal chain 
is linked directly to not more than two others: in branched 
chains there are carbon atoms directly linked to three or four 
others. A normal-chain compound is usually denoted by puttin 
n before its name; branched-chain compounds are often dis- 
tinguished by the prefix zso. 
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A few other definitions may find a place here. A carbon atom 
linked to only one other carbon atom is called primary; if linked 
to two carbon atoms it is named secondary; if to three, tertiary; 
if to four, quaternary. A carbon atom situated at the end of 
a chain is called terminal. The carbon atoms of a chain are dis- 
tinguished by numbers, the terminal one being denoted by i, 
the one next it by 2, and so on; for example, 


CH3-CH2-CH2-CH3. 
1 2 3 4 


Sometimes the terminal atom is denoted by a, the one linked to 
it by 2, and the succeeding one by 7, etc., but a terminal C-atom 
in a CN-group, CHO-group, or COOH-group, is distinguished by 
w, the next by a, and so on. — 


Law of the Even Number of Atoms.—The number of hydrogen 
atoms in the saturated hydrocarbons is even, since their formula 
is CnoHen;,. All other organic compounds may be regarded as 
derived by exchange of these hydrogen atoms for other elements 
or groups of atoms, or by the removal of an even number of 
hydrogen atoms, or by both causes simultaneously. From this it 
follows that the sum of the atoms with uneven valency (hydrogen, 
the halogens, nitrogen, phosphorus, etc.) must always be an even 
number. The molecule of a substance of the empirical composition 
C,H,O.N must be at least twice as great as this, because 2H +1N 
is uneven. . 


Number of Possible Isomerides. 


41. The quadrivalency of the carbon atom, coupled with the 
principle of the formation of chains of atoms, not only explains 
the existence of the known isomerides, but also renders possible 
the prediction of the existence of unknown compounds. Thus 
for a compound C4Hyjo either the structure CH3-CH2-CH2-CHg3 or 
CHs3 
CH3 
bilities. Pentane may have the following structural formule; 


CHs. 
CH3’ 


>CH-CH3 may be assumed, and there are no further possi- 


(1) CH3-CH2-CH2-CH2-CHs3; (2) CH3-CH.-CH< 


CHs. ¢ -CH, 
Gna eH, 
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For hexane the following five are possible: 


(1) CH3-CH2-CH»-CH2-CH-CH3; (2) CH3-CHy-CH»-CH <CHs. 


CH; 
(3) CH3-CH2-CH -CH2-CH3; (4) CH3-CH-CH-CH3; 
CH CH3 CH3 
/ ods 
(5) CH3-CH2-C—CHs. 
NCH 


If the principles given above be assumed, it will be impossible to 
find structural formule other than those mentioned. 

Should it be possible actually to obtain the same number of 
isomerides as can be thus predicted, and no more, and should the 
products of synthesis or decomposition of any existing isomeride 
necessitate the assumption of the same structural formula as that 
required by the theory, these facts constitute a very important 
confirmation of the correctness of the principles upon which the 
theory is based. This correspondence of fact with theory has been 
proved to hold good in many instances, and therefore, on the other 
hand, affords an important means of determining the structure of 
a new compound, because if all the structural formule possible 
for the compound according to the theory are considered in turn, 
one of them will be found to be that of the substance. 

Frequently the number of isomerides actually known is much 
smaller than that which is possible, because the number of possible 
isomerides increases very quickly with increase of the number 
of carbon atoms in the compound. CayLey has calculated that 
there are nine possible isomerides for C7Hy6, eighteen for CgHyg, 
thirty-five for CoH, seventy-five for CjoHg2, one hundred and 
fifty-nine for C,;H»4, three hundred and fifty-four for Cy2H9., 
eight hundred and two for C;3Heg, and so on. Chemists have not 
tried to prepare, for example, every one of the eight hundred and 
two possible isomerides of the formula CgHog, because their atten- 
tion has been occupied by more important problems. There can, 
however, be no doubt as to the possibility of obtaining all these 
compounds, because, as mentioned above, the methods for build- 
ing them up are known, and there would therefore be no theoretical 
difficulties in the way of these experiments, though there might 
be hindrances of an experimental nature. 
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Physical Properties of Isomeric Compounds. 


42. Of the different isomerides the normal compound has the 
highest boiling-point; for the others the volatility increases with 
the number of side-chains. These rules are also applicable to 
other homologous series. 


Boiling-points of the Isomeric Hexanes. 


Normal hexane, CH3- (CH2)4-CHs3 : §9°. 
Methyldiethylmethane, (C2H5)2CH-CH3: 64°. 
Ethylisobutyl, CoH;-CH2CH(CHs3)z : O22. 
Diisopropyl, (CH3)2,CH-CH(CHs)2 : 58°. 


Trimethylethylmethane, (CH3)3C0-C2H;: 46° 


ALCOHOLS, C,H», ,20. 


Methods of Formation and Constitution. 


43. The alcohols of this homologous series can be obtained by 
the action of silver hydroxide on the alkyl halides: 


CaHeniil +AgOH SS CALS Peek 6) +Agl. 


It is usual to bring an alkyl iodide into contact with moist 
oxide of silver, the portion dissolved in the water reacting like 
silver hydroxide (‘‘Inorganie Chemistry,” 246). The preparation 
of the alcohol from the iodide can also be effected by heating it 
with excess of water at 100°: 


CoHsl te H,O = C2H,O aR 106 


When sodium reacts with an alcohol C,H2n,20, one gramme- 
atom of free hydrogen is liberated from each gramme-molecule of 
the alcohol, and a compound called sodiwm alkoxide (alcoholate), 
C,HonyiNaO, is produced: in presence of excess of water this 
decomposes into sodium hydroxide and an alcohol. The sodium 
has thus replaced one atom of hydrogen, and neither it nor any 
other metal can replace more than one hydrogen atom: if excess 
of sodium is added, it remains unacted upon. It follows that 
only one hydrogen atom in the alcohol is, replaceable by sodium. 

When an alcohol is treated with trichloride or pentachloride 
of phosphorus, an alkyl chloride is formed: 


3C, Hon +20 - PCl; os 3C, Hoy 41 Cl ae H3PO3. 


From these facts the constitution of the alcohols can be in- 
duced. Silver hydroxide can only have the structure Ag—O—H, 
its bivalent oxygen atom being linked to its univalent silver and 


hydrogen atoms. When silver hydroxide is brought into contact 
49 
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with an alky) iodide, the reaction must be supposed to take place 
so that on the one hand the iodine atom is set free from the alkyi- 
group, and on the other hand the silver atom fromthe hydroxyl- 
group. The alkyl-group and the hydroxyl-group are thus afforded 
the opportunity of uniting by means of the linking set free in each: 


CrHon41 1+Ag|OH = ad CnHon4,1—OH. 


This method of formation proves that the alcohols contain a 
hydroxyl-group. Their preparation from alkyl iodides and water 
leads also to the same conclusion, which is further supported by 
the two properties of alcohols mentioned on the last page. It is 
evident that if their structure is expressed by C,Hon,,-OH, all 
the hydrogen atoms present, except one, are linked directly to 
carbon, while one hydrogen atom occupies a special position in tho 
molecule, being attached to the oxygen atom, which is united 
through its second linking to a carbon atom. It is only natural 
to suppose that the special position occupied by this hydrogen 
atom is accompanied by a special property, that of being the only 
one of all the hydrogen atoms replaceable by alkali-metals. More- 
over, sodium sets free hydrogen from another compound con- 
taining without doubt a hydroxyl-group: this compound is water, 
for which no other constitution is possible than H—O—H. 

The fact that the alcohols are converted into alkyl chlorides 
by the action of the chlorides of phosphorus is additional proof 
that they contain a hydroxyl-group. The empirical formule 
CyHon+20 and C,Ho»,;X show that the halogen has replaced 
OH. It may be assumed that in this reaction the hydroxyl of 
the alcohol has changed places with the chlorine of the phosphorus 
compound: ra 
3(CyHon41-OH) + ClsP. 


A consideration of the possible constitutional formule for sub- 
stances having the general molecular formula C,H2,,20 reveals the 


fact that the linkage of the oxygen atom admits of only two possible 
formule; thus, the compound C2H¢0O could be either 


I. CH3-CH,-OH, or II. CH3-0-CHs. 


Since all the hydrogen atoms in the second formula have the 
same value, it cannot be the one representing an alcohol, as it would 
not account for a very important property of these compounds, 
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their interaction with the alkali-metals. The action of silver 
hydroxide on an alkyl iodide, or that of phosphorus chlorides on 
an alcohol, would accord equally ill with this formula, whereas for- 
mula I.explains these reactions fully. It must therefore beadopted. 

The constitutional formule of the alcohols have thus been 
induced from their properties. Inversely, the constitutional for- 
mule represent all the chemical properties of the compounds, being 
simply a short way of expressing them. The value of these for- 
mule is evident: the structural formula of a compound, estab- 
lished by the study of some of its properties, reveals the rest of 
these properties. The existence of properties thus deduced has 
in many instances been established by experiment. 


Nomenclature and Isomerism. 


44. The alcohols of this series are named after the alkyl-groups 
contained in them; for example, methyl alcohol, ethyl alcohol, propyl 
alcohol, ete. 

lsomerism may arise in three ways: by branching of the carbon 
chains; by changing the position of the hydroxyl-group; or 
through both these causes simultaneously. 

This is seen from the following table of the isomeric alcohols 
C3 to Cs. 


A Specific 
Name. Formula, ae Bee ewe 
(d4°). 
Propyl alcohols C;H,O 
- yi pane CH,-CH,-CH,OH 97° 0-804 
CH,-CHOH-CH, 81° 0-789 
Dah Buashols C,H, 0 
1. Normal primary CH,-CH,-CH,-CH,OH TTS 0-810 
F » secondary CH,-CH,-CHOH-CH, 100° 
3) 480 (CH,),CH-CH,OH 107° 0-806 
4, Trimethylcarbinol (CH,),C-OH 83° 0-786 
Amyl alcohols C,H,,0 
1. Normal primary CH,- (CH,),-CH,OH 138° 0-815 
2. isoButylearbinol (CH, ),CH. CH, -CH ,OH Be 0-810 
3. Secondary butylearbinol | CH,-CH (C,H, ys CH, OH 128° 
4. Methylpropylearbinol CH,- (CH,),« CHOH. CHE |paltge 
5. Methylisopropylearbinol (CH, ),CH- CHOH.CH, Ios 
6. Diethylearbinol C,H,-CHOH-C,H, inligee 
7. Dimethylethylearbinol (CH, ),C(OH).-C, H, 102° 
8. Tertiary butylearbinol (CH,),C-CH, OH ie 
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‘ 


The alcohols with names ending in “carbinol ” are so called 
because all alcohols may be looked upon as methyl alcohol (car- 
binol), in which one or more of the hydrogen atoms, with the 
exception of the one in the hydroxyl-group, are replaced by alkyl- 
groups (KoLBE). Thus, tsobutyl alcohol is called isopropylcarbinol, 
secondary butyl alcohol methylethylcarbinol, normal butyl alcohol 
n-propylcarbinol, and so on. 

The table also shows that in a primary alcohol the hydroxyl- 
group is linked to a primary carbon atom (40), and that in a second- 
ary or a tertiary alcohol the hydroxyl is linked to a secondary 
or a tertiary carbon atom respectively. Similarly, any compounds 
which may be regarded as produced by replacement of hydrogen 
linked to a primary, secondary, or tertiary atom are called primary, 
secondary, or tertiary compounds. Primary alcohols are repre- 
sented by the general formula C,H2,,,—CH2OH, secondary by 

H 


CiHen EC eee ) 
\OH | 


and tertiary by 
Ci Hen+1 SS 
CmHem41—C—OH. 


pHep41 


General Properties of the Alcohols. 


45. Some of the physical properties of the alcohols are given 
in this table, which includes only normal primary compounds. 


Specific Bones Difference of 
Name. Formula. a aint: = Boiling- 
Methyl alcohol CH,OH 0-812 66° 12° 
Ethyl ” C,H,OH 0-806 78° a 
Propyl ” C.H,OH 0-817 97° a 
Butyl  ” C,H,OH 0-823 117° ak 
Amyl =” C,H,,0H 0-829 137° us 
Hexyl ” C3H,,OH 0-833 157° a 
Heptyl ” C,H,.OH 0-836 175° aS 
Octyl =” C,H,,OH 0-839 191° G. 
Nonyl ” CjH,,OH 0-842 213° 22 


This table, with that in 44, shows that the normal compounds 
have the highest boiling-points: this also holds for the hydro- 
carbons (42). 
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The lower alcohols (Cj—C4) are mobile liquids, the middle 
members (C;—C,,;) are of a more oily nature, while the higher 
members are solid at the ordinary temperature. In thin layers 
all are colourless. In thick layers they are slightly yellow, the 
colour becoming more marked with increase in the number of 
carbon atoms. The first members (C;—Cz) are miscible in all 
proportions with water, but the solubility of the higher members 
diminishes quickly as the number of carbon atoms increases. 

The lower members have a spirituous, and those intermediate a 
disagreeable, smell; while the solid members are odourless. Their 
specific gravity is less than 1. 


Methyl Alcohol, CH;-OH. 


46. Methyl alcohol is obtained on the large scale by the dry 
distillation of wood in iron retorts at as low a temperature as 
possible; or better, by treatment of wood with hot producer-gas, 
which is a mixture of carbon monoxide and nitrogen, obtained 
by passing air over coke at a white heat. To this method of 
preparation the substance owes its name wood-spirit. The products 
of the distillation are gases, an aqueous liquid, and tar. The 
aqueous solution contains 1-2 per cent. of methyl alcohol and a 
number of other substances, the chief being acetic acid (89) (ca. 
10 percent ) and acetone (120), (ca. 0-5 per cent.). The acetic 
acid is converted into calcium acetate by the action of 
lime, and the methyl alcohol purified by fractional distillation, 
and other methods. It is used in the arts in the preparation of 
aniline-dyes and formaldehyde, for the denaturation of spirit to 
render it unfit for drinking purposes (48), and in other processes. 

Methyl alcohol burns with a pale-blue flame, and is miscible 
with water in all proportions, the mixing being accompanied by 
contraction and the development of heat. Its melting-point is 
—93-9°. Its other physical properties are enumerated in the 


table in 45. 


Ethyl Alcohol, C2H;-OH. 


47. Ethyl alcohol, or ordinary alcohol, is prepared artificially in 
enormous quantities. Its preparation depends upon a property 
possessed by dextrose (209), a sugar with the formula CgH,20g, of 
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decomposing into carbon dioxide and alcohol in presence of yeast- 
cells: . 
CgH120, ic 2C2H,0 + 2COz. 

About 95 per cent. of the dextrose decomposes according to this 
equation. By-products such as glycerol, succinic acid, and other 
substances are also formed. Certain higher alcohols of this series, 
principally amyl alcohols, are also produced from the proteins 
contained in the raw material (230). 

On account of its cost, dextrose itself is not employed in the 
manufacture of alcohol, some substance rich in starch (223), 
(C6Hi0O5)n, such as potatoes, grain, etc., being used instead. 
By the action of enzymes (219), the starch is almost completely 
transformed into maltose (213), Ci12H22011, one molecule of this 
compound being then converted into two molecules of dextrose 
by the action of one molecule of water: 

C19H22011+ H2O = 2CgH1206¢. 
Maltose Dextrose 

The enzyme employed in the technical manufacture of maltose 
from starch is called diastase, and is present in malt. The reaction 
it induces is called saccharification. When 

ti potatoes are used, they are first made into 
Ci a thin, homogeneous pulp by treatment with 
steam under pressure at 140° to 150°, malt 
being added after cooling. At a tempera- 
ture of 60° to 62°, the decomposition into 
maltose is completed in twenty minutes. 

Yeast is then added to the maltose 
solution, and the fermentation carried on at 
a temperature below 33°. To separate the 
resulting alcohol trom the other substances 
present, the product is submitted to dis- 
tillation; and by 
using a fraction- 
ating-column (Fig. 
23), aleohoi of 90 
per cent. strength 
can be obtained, 
although the con- 
centration of the alcohol in the fermented liquid does not exceed 
18 per cent. 


= 


Fig. 23.—FRACTIONATING-COLUMN. 
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The thin liquid residue remaining in the still is called spent 
wash, and is used for feeding cattle. It contains, amongst other 
products, almost all the proteins present in the material from which 
the spirit has been manufactured. 

The crude spirit (low wines) so prepared is again carefully 
fractionated, when alcohol of 96 per cent. by volume (spirits) is 
obtained. The fractions of higher boiling-point consist of an oily 
liquid of unpleasant odour, called fusel-oil: it contains chiefly 
amyl! alcohols and other homologues. The residue is called spent 
lees. 


Alcoholic beverages are classified into those that have been dis- 
tilled, and those that have not. 


Distilled (about 50 per cent. of alcohol). Not distilled. 


Brandy or cognac, from wine. Beer, from fermented malt and hops 


(38-7 per cent. of alcohol). 

Whisky, from fermented solution | Wine, fermented grape-juice (8-17 
of malt. per cent. of alcohol). 

“Fortified”? wines, such as port, 
Rum, from fermented solution of sherry, and madeira. They are 
sugar. wines with added alcohol. (Nat- 
ural wine never contains more 
Gin, like whisky, but flavoured| than about 17 per cent. of alcohol.) 
with juniper. 


48. The alcohol of commerce (“spirits of wine ’’) always con- 
tains water. To obtain anhydrous or absolute alcohol from this, 
lumps of quicklime are added to spirit containing a high per- 
centage of alcohol, until the quicklime shows itself above the 
surface of the liquid. The latter is allowed to stand for some 
days, or boiled for several hours under a reflux-condenser (18), 
and then distilled. The preparation is much facilitated, and 
the loss, rather large by this method, reduced to a minimum, 
by heating a spirit of high percentage with a small quantity of 
quicklime in a vat, closed by a screwed-down cover, for some 
hours at 100° in a water-bath. The spirit is then distilled. To 
prepare absolute alcohol from dilute alcohol, the latter must first 
be concentrated by distillation from a water-bath. The de- 
hydration can also be effected by addition of solid potassium 
carbonate, which causes the liquid to separate into two layers, 
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the aqueous one below and the alcoholic one above. Alcohol of 
91-5 per cent. by weight is thus obtained. 

Absolute alcohol is a mobile, colourless liquid of character- 
istic odour. It solidifies at —112-3°, and burns with a pale- 
blue, non-luminous flame. It is very hygroscopic, being miscible 
with water in all proportions with contraction and rise in tem- 
perature. The maximum contraction is obtained by mixing 52 
volumes of alcohol with 48 volumes of water, the volume of the 
resulting mixture at 20° being 96-3 instead of 100. 

The presence of water in alcohol can be detected by anhydrous 
copper sulphate, which remains perfectly colourless when in contact 
with absolute alcohol, whereas if the slightest trace of water is 
present, the copper sulphate develops a light-blue colour after 
several hours. The specific gravity, a physical constant often 
employed to ascertain the purity of liquid compounds, can also be 
employed for the same purpose. 

A simple and rapid method for the estimation of alcohol in 
mixtures with water is very necessary for industrial and _ fiscal 
purposes, and a practical method, due to von BauMHAUER, 
MENDELEEFF, and others, consists in the determination of the 
specific gravity and temperature of such a mixture. A table has 
been prepared with great accuracy, showing the specific gravities 
of mixtures of alcohol and water from O to 100 per cent., at 
temperatures between 0° and 30°. When the specific gravity 
and temperature of a given mixture have been determined, the 
percentage of alcohol may be found by reference to the table. In 
practice the specific gravity is usually determined with a delicate 
hydrometer. 


In commerce and in the arts, the amount of alcohol is usually 
expressed on the Continent of Europe in volume-percentage, or the 
number of litres of absolute alcohol contained in 100 litres of the 
aqueous solution. In Great Britain the standard is prooj-spirit. 
This name is derived from the old method of testing spirit by moisten- 
ing gunpowder with it, and then bringing the mixture into contact 
with a lighted match. If the alcohol were “under proof,” the 
powder did not take fire, but if there were sufficient alcohol present, 
the application of the light ignited the gunpowder, the spirit being 
then “over proof.’”’ When the proportions of alcohol and water 
were such that it was just possible to set fire to the powder, the 


7 


or 


§ 43) ETHYL ALCOHOL. 


sample was described as “proof-spirit.” When the spirit is weaker 
than proof-spirit it is said to be under proof, and when stronger 
than proof-spirit is said to be over prooj; for example, a spirit 5° 
under proof would contain in each 100 volumes the same quantity 
of alcohol as 95 volumes of proof-spirit, and a spirit 5° over proof 
would need 5 volumes of water added to each 100 volumes to con- 
vert it into proof-spirit. By act of Parliament “ proof-spirit”’ is 
defined as “such a spirit as shall at a temperature of 51° F. weigh 
exactly }3 of an equal measure of distilled water.” This corresponds 
to a spirit containing 57-1 per cent. of alcohol by volume, or 49-3 
per cent. by weight. 

For scientific purposes the amount of alcohol is usually ex- 
pressed in percentage by weight, or the number of grammes of 
alcohol contained in 100 grammes of the aqueous solution. These 
percentage-numbers are not the same, the percentages by weight 
being smaller than those by volume for a spirit of any given con- 
centration. 


The greater part of the alechol produced is consumed in the 
form of beverages, their detrimental physiological effects being 
augmented by the impurities, especially fusel-oil, which they 
contain. Alcohol is used in commerce for the preparation of 
lacquers, varnishes, dyes, important pharmaceutical preparations 
such as chloroform, chloral, iodoform, and others, and as a motive 
power for motor-vehicles. It is also employed for the preserva- 
tion of anatomical specimens. Alcohol is a good solvent for 
many organic compounds, and finds wide application in laboratory- 
work for this purpose. 

On account of the extensive use of alcohol for manufacturing 
processes, some industries would be paralyzed if the necessary 
spirit were subject to the same excise-duty as alcohol intended 
for consumption. The alcohol used in manufactures in some 
countries is accordingly made unfit for drinking (denatured or 
methylated) by the addition of materials which impart to it a 
nauseous taste, and is sold duty-free. On the Continent of Europe 
crude wood-spirit is employed for this purpose, and in Great 
Britain this is supplemented by the addition of a small quantity 
of paraffin-oil. The sale of denatured alcohol is also permitted 
in the United States. 

In the United States the tax on alcohol is $1.10 per proof gallon 

(50 per cent. alcohol by volume), or $2.07 per standard gallon 
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(231 cubic inches of 94 per cent. alcohol by volume). The duty is 
much higher in Great Britain, being 14s. 9d. per gallon of proof-spirit 
(British standard, p. 57). Besides permitting the sale of methyl- 
ated spirit containing naphtha, the British Government allows 
the sale for manufacturers’ use of alcohol denatured with wood- 
spirit only, under the name “Industrial spirit.” It has the import- 
ant advantage of being wholly miscible with water. In the chemical 
laboratories of universities and colleges in Great Britain and 
Treland, the use of duty-free pure alcohol is permitted. 

A test for ethyl alcohol is the formation of iodoform on the 
addition of iodine and caustic potash (152). 


Propyl Alcohols, C;H7-OH. 


49. Two propyl alcohols are known, one boiling at 97° and 
having a specific gravity of 0-804, the other boiling at 81° and 
having a specific gravity of 0-789. In accordance with the prin- 
ciples which have been stated, only two isomerides are possible: 


CH3-CH,-CH,OH, and CH3-CH(OH)-CHs3. 

Normal propyl alcohol tsoPropy) alcohol 
The structure to be assigned to the substance with the higher 
boiling-point, and that to the substance with the lower, may be 
determined by submitting the substances to oxidation. From 
each of these alcohols is thus obtained a compound with the 
formula C3HgO, but these oxidation-products are not identical. 
On further oxidation, the compound C3Hg0 (propionaldehyde), 
obtained from the alcohol of higher boiling-point, yields an acid 
C3HgO2, called propionic acid; whereas the substance C3HgO 
(acetone), formed from the alcohol of lower boiling-point, is con- 
verted into carbon dioxide and acetic acid, CoH4QOg: 


C3HgO (propyl alcohol, B.P. 97°) — C3HsO (propionaldehyde) —> 
— C3H¢QOz2 (propionic acid) ; 


C3HgO (isopropyl! alcohol, B.P. 81°) — C3H¢O (acetone) > 
— CO2+ C2H40z¢ (acetic acid). 


Propionic acid has the constitution CH3-CH2,-COOH, and 
acetone CH3-CO-CHs, as will be shown later. It will be observed 
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that only the normal alcohol is capable of forming propionic 
acid, because the production of this substance must be due to the 
replacement of two hydrogen atoms by one oxygen atom, and 
with the normal alcohol this can only yield a compound with the 
structure assigned to propionic acid. On the other hand, the 
formation of a substance with the constitution of acetone by re- 
moval of two hydrogen atoms from a compound C3Hg0O is only 
possible when the latter has the structure of isopropyl alcohol. 
The alcohol of higher boiling-point must therefore be n-propyl 
alcohol, and that boiling at the lower temperature must be iso- 
propyl! alcohol. 

Oxidation affords a general method for distinguishing primary 
from secondary alcohols. By referring to the formule given in 
44, it is seen that all primary alcohols contain the group —CH2OH, 


which is converted by oxidation into the carboxyl-group a 


the characteristic group of organic acids. Further, all secondary 


alcohols contain the group H-C-OH: removal of the two hydro- 


gen atoms from this yields the group C:O, characteristic of the 


ketones (119), the homologues of acetone. The oxidation of a pri- 
mary alcohol and that of a secondary alcohol produce respectively 
an acid and a ketone with the same number of carbon atoms as the 
original alcohol. 

A further induction may be made from these reactions. In 
the conversion of normal propyl alcohol into propionic acid, as 
well as of zsopropyl alcohol into acetone, the oxidation occurs at 
the carbon atom already linked to oxygen. This is always so, 
and the general rule may be stated as follows: when an organic 
compound is submitted to oxidation, the molecule is attacked at the 
part which already contains oxygen—that is, where oxidation has 
already begun. 

Normal propyl alcohol is obtained by fractionation of fusel- 
oil, and is a colourless liquid of agreeable odour. It is miscible 
with water in all proportions. isoPropyl alcohol is also a liquid: 
it is not present in fusel-oil, but can be obtained by the reduction 
of acetone (120 and 156). 
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Butyl Alcohols, C,H 9-OH. 


50. Four butyl alcohols are known (cf. Table, 44), which is 
the number possible according to the theory, and it is necessary 
to consider whether these theoretically possible formule are in 
accord with the properties of the four isomerides. On oxidation, 
the two alcohols boiling at 117° and 107° respectively yield acids 
with the same number of carbon atoms. They must therefore 
have the structures 1 and 3 (Jbid.), since each contains the group 
—CH,OH. For reasons referred to later, the alcohol boiling at 
117° is considered to have the normal structure (1), and that boil- 
ing at 107° the structure (3). A third butyl alcohol, boiling at 
100°, is converted by oxidation into a ketone with the same num- 
ber of carbon atoms, showing that it must be a secondary alcohol 
corresponding with structure (2). Lastly, for the fourth, which is 
solid at ordinary temperatures, melting at 25-5° and boiling at 
83°, since three of the theoretically possible structural formulz 
have been assigned to the other isomerides, there remains only the 
fourth structure, that of a tertiary alcohol. This structure for the 
alcohol melting at 25-5°, thus arrived at by elimination, is in 
accordance with its chemical behaviour. On oxidation, for exam- 
ple, it yields neither an acid nor a ketone with four carbon atoms, 
but the molecule is at once decomposed into substances containing 
a smaller number of carbon atoms. Since to yield on oxidation 
an acid with the same number of carbon atoms, an alcohol must 
contain the group —CH2OH, and to produce a ketone with the 


same number of carbon atoms, it must contain the group H-C-OH, 


it is evident that neither of these can be obtained from a tertiary 
alcohol. If the oxidation takes place in this, as in every other 
case, at the carbon atom already linked to oxygen, it must result 
in the decomposition of the molecule. 

The foregoing holds for tertiary alcohols in general, so that 
oxidation affords a means of distinguishing between primary, 
secondary, and tertiary alcohols. The experimental proof can be 
summed up as follows. 

A primary alcohol yields on oxidation an acid with the same 
number of carbon atoms: a secondary alcohol yields on oxidation a 
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ketone with the same number of carbon atoms: whereas oxidation 
of a tertiary alcohol at once decomposes the molecule, yielding com- 
pounds with a smaller number of carbon atoms. 

Many other methods of ascertaining whether an alcohol is 
primary, secondary, or tertiary are available, one of the simplest 
being based on the effects of heat. Primary alcohols are stable 
at 360°, the boiling-point of mercury. At this temperature, 
secondary alcohols decompose, yielding chiefly hydrocarbons of 
the series C,H», (122) and water; but they are stable at 218°, 
the boiling-point of naphthalene. At the last temperature tertiary 
alcohols are decomposed, yielding similar products to those formed 
from secondary alcohols at 360°. In practice, the constitution of 
any alcohol is ascertainable by determining its vapour-density at 
both these temperatures with Vicror Mryer’s apparatus (11), 
the decision being based on the normal or abnormal character of 
the results obtained. 


Amyl Alcohols, C;H,;+OH. 


51. The alcohols containing five carbon atoms are called amyl 
alcohols. There are eight possible isomerides, and all are known 
(cf. Table, 44). They are liquids with a disagreeable odour, like 
that of fusel-oil. csoButylearbinol, (CH3)»CH-CH2-CH2OH, and 
secondary butylcarbinol, CH3-CH(C2H;)-CH2OH, are the prin- 
cipal constituents of fusel-oil (47). 

Secondary butylearbinol furnishes a very remarkable example 
of isomerism. It is shown in 37 how the arrangement of the 
atoms in a molecule accounts for the phenomenon of isomer- 
ism. <A careful study of the properties of a compound makes it 
possible to assign to it a structural formula, to the exclusion of 
all the other formule possible for its known molecular composi- 
tion. On the other hand, any given structural formula represents 
only one compound, since such a formula is the expression of 
a very definite set of properties: when they are unlike for two 
compounds, the difference must be indicated by their structural 
formule. 

Nevertheless, there are three isomeric amyl alcohols which have 
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been shown by careful examination to have the same structural 


formula: 
CH3 H 
CoH, > °<CH.OH. 


That they have this constitution is proved by the fact that on 
oxidation they yield valerie acid with the structure 
CH3 H 
CoH, * “* COOH, 
as can easily be proved by synthesis (166). 

The three amyl alcohols with this constitution have identical 
chemical properties and nearly all their physical constants are the 
same. One of the latter, however, serves to distinguish them from 
one another. When a beam of plane-polarized light is passed 
through layers of these alcohols, the plane of polarization is rotated 
by one isomeride to the left, and by another to the right, while the 
third alcohol produces no rotation. The first two are said to be 
optically active (27, 2). 

Since the difference between optically active compounds de- 
pends only upon a physical property, while their chemical proper- 
ties are identical, it may be asked whether this difference is not a 
purely physical one, arising from differences in the arrangement 
of the molecules, such as is supposed to exist in dimorphous sub- 
stances. The objection to this view is twofold. 

First, differences in the arrangement of the molecules can only 
be supposed to exist in the case of solid substances, because it is 
only in them that the molecules have a fixed position in relation 
to one another. It is assumed that the molecules of liquids and 
gases are free to move; but they, too, afford examples of optical 
activity. For liquids there is still a possibility that not the mole- 
cules themselves, but conglomerations of them arranged in a defi- 
nite manner may be free to move. Were this the cause of optical 
activity,on conversion into gases of normal vapour-density, optic- 
ally active liquids should produce no rotation in the plane of 
polarization. That they actually do produce this rotation was 
proved by Brot, and later by GerNeEz. This phenomenon cannot 
be attributed to a difference in the arrangement of the molecules, 
because in a vapour of normal density each molecule is capable 
of independent motion. 
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Second, the optical activity is displayed in derivatives of optic- 
ally active substances. 

Hence it follows that an explanation of the rotation of the plane 
of polarization by liquids and dissolved substances must be sought for 
in the internal structure of the molecules. 

It is now necessary to determine what peculiarity in the struc- 
ture of the molecules causes this phenomenon. The following 
considerations will furnish an insight into this. The levo-rotatory 
amyl alcohol, with the constitution 


GH se 
CoH,” © <CH,OH, 


is converted by the action of gaseous hydriodie acid into amyl 
iodide, with the structural formula 


Cites oH 
OMe 2 = CHL 


This compound is optically active. On treatment with nascent 
hydrogen, the iodine atom is replaced by hydrogen, with forma- 
tion of pentane, 


This compound is optically inactive. 
If amyl iodide is subjected to the action of ethy] iodide in the 
presence of sodium, there results a heptane, 


CH3 H 
Caste esis eee 


and this substance is optically active. 

An examination of these three optically active substances shows 
that they differ from optically inactive pentane in the respect that, 
of the four groups linked to the central carbon atom, in the latter 
two (methyl) are similar, whereas in the others they are all dif- 
ferent. 

52. VAN’? Horr has shown that most optically active compounds 
contain at least one carbon atom linked to four different atoms or 
groups; and he has designated a carbon atom so linked an asymmetric 
carbon atom. 
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As stated above, there are three amyl alcohols with the same 
constitutional formula, of which one is dextro-rotatory, the second 
levo-rotatory, and the third optically inactive. Three such isom- 
erides always exist when there is one asymmetric carbon atom in 
the molecule, and of the two optically active substances one causes 
exactly the same amount of dextro-rotation as the other of levo- 
rotation. Van ’r Horr has shown that the existence of this num- 
ber of isomerides is a necessary consequence of the presence of 
one asymmetric carbon atom in a molecule, provided certain as- 
sumptions are made regarding the relative positions of the atoms 
in space. These assumptions are as follows. 

The quadrivalency of the carbon atom has its origin in four 
points of attraction, situated on its outer surface, so that it is 
able to link itself to atoms or groups of atoms in four directions. 
The only supposition about these directions in agreement with 
the facts is that the carbon atom is situated atthe centre of a regular 
four-sided figure (tetrchedron) with its linkings directed toward the 
angles (Fig. 24). By putting the groups R, P, and Q of com- 
_ pounds CReQe2, CRePQ, or CR3P in different 
positions in two atom models,* it is always 
possible bv rotating the models to bring them 
into such a position that the like groups coin- 
cide, showing that the two forms are identical. 
Such compounds do not exhibit optical isomer- 


Fic. 24.—CarBon 
TerrAHEpDRON. 18M. 


For compounds C-RPQS, containing four 
different groups and therefore an asymmetric carbon atom, the 
possibility of the existence of two isomeric forms is indicated. It 


ee 


* The comprehension of what follows will be considerably facilitated by 
the construction of several models of carbon atoms with their linkings. This 
is easily done by cutting out a sphere from a cork to represent-the carbon 
atom, the linkings being represented by moderately thick wires about ten 
centimetres long, with ends filed to a point. These wires are fixed in the 
cork sphere in the manner shown in Fig. 24. To show the linking of the 
atoms or groups of atoms, cork spheres of different colours are fastened to 
the ends of the wires, the different colours indicating dissimilar groups. 
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is seen from Figs. 25 and 26 (and still better from models) that for 
these four groups two arrangements are possible, which cannot 
be made to coincide in any position, although they resemble one 
another as an object resembles its reflection in a mirror. Such 
a figure has no plane of symmetry, hence the name ‘‘asymmetric 
carbon atom.” 

53- Itis thus possible to understand how one isomeride causes 
as much dextro-rotation as the other levo-rotation (52), for the 
arrangement of the groups relative to the asymmetric carbon atom 
must be the cause of the rotation of the plane of polarization. If 
the arrangement of the groups in Fig. 25 produces dextro-rotation, 


we 
Bie. 25: Fig. 26. 
ASYMMETRIC O-ATOMS. 


then the inverse arrangement in the isomeride in Fig. 26 must neces- 
sarily cause an equal rotation, but in an opposite direction. 

It was stated above that not merely two, but three, isomerides 
are possible when there is one asymmetric carbon atom present in 
the molecule; a dextro-rotatory, a levo-rotatory, and an optically 
inactive isomeride. It has been proved that the optically inactive 
substance is composed of equal parts of the dextro-rotatory and 
of the levo-rotatory compound. Since these rotations are equal 
in amount, but different in direction, their sum has no effect upon 
the plane of polarization. 

This isomerism in space, called stereochemical isomerism or stereo- 
isomerism, is not indicated in the ordinary structural formule. 
written in one plane: hence the apparent contradiction that a 
single structural formula may represent two different compounds. 
Van ’t Horr’s theory, however, supports the fundamental prin- 
ciple that all isomerism has its origin in a difference in the arrange- 
ment of the atoms in the molecule. 
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In addition to the explanation of optical isomerism Just given, 
two others might be suggested, although both can be shown to be 
untenable. Thus, the four linkings of the carbon atom might be 
supposed unequal in value; so that such a compound as CP3:Q could 
exist in isomeric forms. Experience contradicts this assumption. 

This phenomenon might also be supposed to be due to a differ- 
ence in the motion of the atoms in the molecule. Then isomerism 
could no longer exist at absolute zero, since atomic motion ceases 
at this point; and a falling temperature should cause a marked 
diminution in the difference between the optical isomerides. There 
is, however, not the slightest indication of such behaviour. 


Higher Alcohols, C,H2,4,-OH. 


54. The properties of the higher alcohols are mentioned in 45. 
Here may be cited cetyl alcohol, CjgH33-OH, obtained from sper- 
maceti, and myricyl alcohol, C39H¢,;-OH, obtained from wax. The 
number of isomerides of these higher compounds possible is very 
great, while the number actually known is but small. Of the 
higher members of the series, only the normal primary compounds 
are known. 


Alkoxides. 


55. Alkoxides (alcoholates) are compounds obtained from alco- 
hols by exchange of the hydroxyl-hydrogen atom for metals (43). 
The best known are sodium methoxide (methylate), CH3-ONa, and 
sodium ethoxide (ethylate), CopH;-ONa. Both are white powders, 
and yield crystalline compounds with the corresponding alcohol. 
They dissolve readily in the alcohols, and, as will be seen later, are 
constantly used in syntheses. It was formerly supposed that the 
addition of water to a solution of an alkoxide converted it com- 
pletely into an alkali-metal hydroxide, and liberated an equivalent 
quantity of alcohol; but Lopry pr Bruyn has shown this to be 
only partly true, an equilibrium being reached in the reaction: 


C,.H;ONa aE H,O = C2H;OH +NaQOH. 


A proof of this is given in 61. It follows that a solution of sodium 
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hydroxide in alcohol is partly decomposed into water and sodium 
alkoxide. 


The alcoholic solution of sodium ethoxide, usually obtained by 
dissolving pieces of sodium in absolute ethyl alcohol, gradually be- 
comes brown in consequence of oxidation to aldehyde (115). On 
the other hand, the solution of sodium methoxide in methyl] alco- 
hol remains unaltered, and therefore is employed in syntheses more 
than that of sodium ethoxide. 


ALKYL HALIDES, ESTERS, AND ETHERS. 


56. Many compounds containing a hydroxyl-group are known 
in inorganic chemistry: they are called bases, and display a close 
resemblance in properties. This similarity may be attributed to 
their common possession of the group OH, which is present in 
their aqueous solutions as an lon. 

An aqueous solution of alcohol does not conduct an electric 
current, so that the alechol is not ionized. This is supported by 
the fact that such a solution is not alkaline, and therefore contains 
no OH-ions. 

Notwithstanding this fact, the alcohols possess a basic charac 
ter in so far that, like bases, they combine with acids with elimi- 
nation of water: 

M. OH+H]-R=M-R+HOH. 


Alcohol Acid Ester 


The substances formed are comparable with the salts of inor- 
ganic chemistry, and are called compound ethers or esters. The dif- 
ferent natures of bases and of alcohols are displayed, however, in 
the mode of formation of their salts, which is quite unlike that in 
which esters are produced. A salt is formed from an acid and 
base instantaneously: it is a reaction of the ions, because the 
hydrogen ion of the acid unites with the hydroxyl ion of the base 
(‘Inorganic Chemistry,’’ 66) : 


[B+0H]+[H+2Z']=[B+2’]+H.0. 
Base Acid Salt 

The formation of esters, on the other hand, takes place very slowly, 

especially at ordinary temperatures, the reaction being between 

the non-ionized alcohol and the acid: 


R-OH+[H+Z]=R-Z+H,0. 
Alcohol Acid Ester 
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Reactions between ions usually take place instantaneously, 
those between molecules slowly. 

Many bases can lose water, with formation of anhydrides or 
oxides: alcohols behave similarly. By the abstraction of one 
molecule of water from two molecules of an alcohol, compounds 
called ethers with the general formula Cy Hoy 41 —O—C,, Ho, 4) are 
formed. By elimination of water from two different alcohols, com- 
pounds called mixed ethers with the general formula 

C, Hon 41 —O—Cy, Hom 41 
are produced. 


Alkyl Halides. 


57. The alkyl halides may be regarded as the hydrogen-halide 
esters of the alcohols, as their formation from alcohol and a hydro- 
gen halide shows: 

Cy Hon 4;[OH +H|X = C,H, 41X +H,0. 


In preparing alkyl halides by this method, the alcohol is first 
saturated with the dry hydrogen halide, and then heated in a 
sealed tube or under a reflux-condenser. The reaction may also be 
carried out by heating the alcohol with sulphuric acid and sodium 
or potassium halide: 

C.H;OH + H.SO4,+KBr = C2H;Br+ KHSO,+ HO. 


Two. other methods of formation for alkyl halides are men- 
tioned in 30 and 43: they are more fully treated below. 

Action of Phosphorus Halides on Alcohols—These sometimes 
react together very energetically. In preparing alkyl bromides 
and iodides, it is usual to employ phosphorus with bromine or 
iodine instead of the bromide or iodide of phosphorus itself. For 
example, in the preparation of ethyl bromide, red phosphorus is 
added to strong alcohol, in which it is insoluble. Bromine is then 
added drop by drop, the temperature of the liquid being kept 
from rising by a cooling agent. Each drop of bromine unites with 
phosphorus to form phosphorus tribromide, and it reacts with the 
alcohol, producing ethyl bromide: 


PBr; +3C,H;0H = PO3H3 ok 3C2H5Br. 


The careful addition of bromine is continued until a quantity cor- 
responding to that required by the equation has been used. The 
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mixture is then allowed to stand for some time, so that the reac- 
tion may be as complete as possible, the final product consisting 
chiefly of phosphorous acid and ethyl bromide. Since the latter 
boils at 38-4°, and the acid is not volatile, it is possible to separate 
them by distillation, which can be effected by immersing the flask 
containing the mixture in a water-bath heated above the tempera- 
ture mentioned. 

58. Action of Halogens on Hydrocarbons.—Only chlorides and 
bromides can be prepared thus, because iodine does not react with 
hydrocarbons. The method is seldom used for the preparation of 
alkyl halides, since, from two causes, mixtures of alky] halides are 
obtained which are sometimes very difficult to separate: whereas, 
by employing other methods, these compounds are produced with- 
out admixture of similar substances. 

One of these causes is that whenever one molecule of a hydro- 
carbon C, Ho, 4» is brought into contact with one molecule of chlo- 
rine or bromine, the reaction does not take place merely as indi- 
cated by the equation 


Cz Hon +2 tCle — CpHoa41C1+HCl, 


but that compounds C,Ho2,Clo, C,H», -1Cls, ete., are simultaneously 
formed, a portion of the hydrocarbon remaining unacted on. 


It is possible to avoid the formation of these higher substitution- 
products by bringing the halogens into contact with the vapour of 
the boiling hydrocarbons. 


The other cause is that the halogen replaces hydrogen in dif- 
ferent positions in the molecule. Thus, chlorine reacts with nor- 
mal pentane to form simultaneously primary and secondary amyl 
chlorides, 


CH3 Q CH, ° CH, . CH, . CH,Cl and CH3 . CH, . CH, -CHCl- CHs, 


as can be proved by converting these chlorides into the corre- 
sponding alcohols and oxidizing the latter (49). 

59. The following table gives some of the physical properties 
of the alkyl halides. 
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5 Chloride. Bromide. Iodide. 

a Name. 

re Boiling-| Specific | Boiling-} Specific Boiling-|. Specific 

= point. Gravity point, Gravity, point, Gravity. 
CH, |Methyl —23-7°|0-952(0°) 4-5°1-732(0°) 45° |2-293(18°) 
C,H, |Ethyl 12-2°10-918(8°)} 38-4%1-468(13°)} 72-3° 1-944(14°) 
C,H, |n-Propyl 46-5°10-912(0°); 71° |1-383(0°) | 102-5° 1-786(0°) 
C,H, |n-Prim. butyl} 78° |0-907(0°)} 101° 1-305(0°) | 130° /|1-643(0°) 
C;Hu |n-Prim. amyl! 107° |0-901(0°)} 129° |1-246(0°) | 156° |1-543(0°) 


It will be noticed that only the lower chlorides and methyl 
bromide are gaseous at the ordinary temperature, most of the 
others being liquids, and the highest members solids. The specific 


gravities of all the chlorides are less than 1, and diminish as the 


number of carbon atoms increases. The specific gravities of the 
lower bromides and iodides are considerably greater than 1, al- 
though they also diminish with increase in the number of carbon 
atoms, so that the highest members of the homologous series are 
specifically lighter than water. All are very slightly soluble in 
water, but dissolve readily in many organic solvents. The lower 
members have a pleasant ethereal odour. 

Chemical Properties.—In their action upon silver nitrate the 
alkyl halides differ very much from the halides of the metals. In 
aqueous or alcoholic solution the latter at once yield a precipitate 
of silver halide, the reaction being quantitative. On the other 
hand, silver nitrate either does not precipitate silver halide from 
a solution of the alkyl halides, or the reaction only takes place 
slowly. The explanation is the same as that given in 56, that in 
the first case the action is one between ions, and in the second 
between molecules. This proves that there are either no halogen 
ions present in an alkyl halide solution, or at least that their num- 
ber is very small. 

The alkyl halides can be converted into one another; for exam- 
ple, alkyl iodides can be obtained by heating the corresponding 
chlorides with potassium or calcium iodide. These reactions are 
often incomplete. 

The alkyl iodides are chiefly used for introducing alkyl-groups 
into organic compounds. 


“J 
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Alkyl fluorides are also known, and are more volatile than the 
corresponding chlorides. They are obtained by the action of silver 
fluoride on an alky] iodide, and in other ways. 


Esters of Other Mineral Acids. 


60. Esters of a great number of mineral acids are known. The 
general methods for their preparation are as follows. 
1. By the action of the acid on absolute alcohol: 


C.H;-[OH+H]-ONO, = H,0+C2H5-ONOp. 


Alcohol Nitric acid Ethyl nitrate 


2. By the action of an alkyl halide on a silver salt: 
SO,/Agy +21 [Ag +21|C2Hs = = SO4(CoH5)2+2AglI. 
Ethyl sulphate 
3. By the action of mineral-acid chlorides on alcohols or alkox- 
ides: 
PO|Cl3 +3NajOC2Hs = PO(OC2Hs5)3 +3NaCl. 


Phosphorus Normal ethyl 
oxychloride phosphate 


The acid esters of sulphuric acid, called alkylsulphuric acids, 
are of some importance. Lthylsulphuric acid, or ethyl hydrogen 
sulphate, CoH;0-SO2-OH, is obtained by mixing alcohol with con- 
centrated sulphuric acid. The formation of this compound is never 
quantitative, because an equilibrium is reached in the reaction 
(99). The alkylsulphuric acids are separated from the excess of 
sulphuric acid by means of their barium (or strontium or calcium) 
salts, these compounds being readily soluble in water, while the 
sulphates are insoluble, or nearly so. It is only necessary to 
neutralize the mixture of sulphuric acid and alkylsulphurie acid 
with barium carbonate, the product being a solution of barium 


x 
ethylsulphate, out, >80+ The free ethylsulphurie acid is then 


obtained by the addition of the calculated quantity of sulphuric 
acid to this solution. At ordinary temperatures it is an odour- 
less, oily, strongly acid liquid, miscible with water in all propor- 
tions. The aqueous solution decomposes into sulphuric acid and 


* ba = 4Ba. 
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alcohol, slowly at the ordinary temperature, but quickly at the 
boiling-point. 


The barium salts of the amylsulphuric acids, obtained from the 
amyl alcohols and sulphuric acid, have different solubilities in water, 
and Pasteur effected their partial separation by fractional 
crystallization. By this means he was able to separate approxi- 
mately the optically active amyl alcohol from zsobutylcarbinol, 


ae >CH-CH,-CH,-OH. Both are present in the mixture of amyl 
soe 


alcohols boiling at 131°-132° obtained by the fractional distillation of 
fusel-oil. zsoButylearbinol is the chief constituent of the mixture 
of amyl alcohols boiling at this temperature. 


Ethylsulphurie acid forms well-crystallized salts. Its potas- 
sium salt is used in the preparation of ethyl compounds; for exam- 
ple, ethyl bromide is readily prepared by the dry distillation of a 
mixture of potassium bromide and potassium ethylsulphate: 


KO. SO. -O. \CoH5 a Br| K = KO. SO. -OK se CoHsBr. 


Potassium ethyl- Potassium Ethyl 
sulphate sulphate bromide 


When free ethylsulphuric acid is heated, the neutral ethyl ester 
of sulphuric acid and free sulphuric acid are formed: 


OClH a SOHS Sts OH OC.Hs 
SO, << OH 5 4e SOs < OCH; ae SO. << OH + SO, <a OC2H; 


Simultaneously, free sulphuric acid and ethylene are produced 
(125): 
SO, < Cao = BO a Cy 
The conversion of ethylsulphuric acid into ether is described in 62. 


Dimethyl sulphate, (CH;)SO,, is obtained by the vacuum-dis- 
tillation of methylsulphuric acid: 


2CH;HSO, = (CH;).SO,+ H,SO,. 


It is an oily liquid, boiling at 188°, and is often employed in the 
introduction of methyl-groups into organic compounds. 


74 ORGANIC CHEMISTRY. [S$ 61, 62 


Ethers. 


61. The ethers are isomeric with the alcohols. Their cons 
stitution is proved by WILLIAMSON’s synthesis, the action of an 
alkoxide on an alkyl halide: 


C,Hon 41 -O. Cn Hom +1 aa OE Oe HOC s hes +1 +Nal. 


This synthesis affords confirmation of the constitution of the 
alkoxides indicated in 43, that the metal occupies the place of 
the hydroxyl-hydrogen. For, supposing it were otherwise, the 
metal having replaced a hydrogen atom directly linked to carbon, 
then sodium methoxide, for example. would have the formula 
Na-CH,-OH. On treatment with ethyl iodide, this compound 
would yield propyl alcohol: 


CoH;- 1+Na| -CH2OH = C,H;-CH,0H+Nal. 


This reaction does not take place. Methylethyl ether, with the 
empirical formula of an alcohol, but none of its properties, is pre- 
duced instead. 


WILiLIAMson’s synthesis is also possible when the alkoxide is dis- 
solved in dilute alcohol (50 per cent.). Though so much water is 
present, the reaction is almost quantitative. It follows that the 
greater part of the sodium alkoxide must be present as such, and 
is therefore not decomposed by the water into alcohol and sodium 
hydroxide (55), because then the formation of the ether would neces- 
sarily be prevented. 


62. The best-known compound of the homologous series of 
ethers is diethyl ether, CoHs5-O-CoHs, usually called ‘ether.’ 
This compound is manufactured, and also prepared in the labora- 
tory, from sulphuric acid and ethyl alcohol. For this purpose a 
mixture of five parts of alcohol (90 per cent.) is heated with nine 
parts of concentrated sulphuric acid at 130°-140°. When ether 
and water begin to distil, aleohol is allowed to flow into the dis- 
tillation-flask to keep the volume of liquid constant. Ether passes 
over continuously, but after about six times as much alcohol has 
been added as was in the first instance mixed with the sulphurie 
acid, the distillate becomes richer and richer in alcohol, and finally 
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the formation of ether stops altogether. Methylated spirit may be 
substituted for pure spirit, the product being called ‘‘methylated 
ether.” 

The explanation of this process is as follows. The alcohol and 
sulphuric acid first form ethylsulphuric acid (60). Ethylsulphuric 
acid is decomposed by heating with water, the acid and alcohol 
being regenerated: 


CoH;- OSO3H +H OH = C.Hs-OH+H.SO,. 


When, however, ethyl alcohol instead of water reacts with ethyl- 
sulphuric acid, ether and sulphuric acid are formed in an exactly 
analogous manner: 


CoH;- O-SOsH +H -O-CoHs = C.Hs-O-CoHs +H,SO,. 


The production of ether depends upon the formation of ethyl- 
sulphuric acid, and subsequent decomposition of this compound 
into ethyl ether and sulphuric acid by the addition of more alcohol. 
Since the sulphuric acid is regenerated in this reaction, it yields 


a fresh quantity of ethylsulphuric acid, so that the process is con- 


tinuous. This would lead to the expectation that a small quan- 
tity of sulphuric acid could convert an unlimited amount of alco- 
hol into ether, but this is not borne out by experience. The 
explanation is that in the formation of ethylsulphuric acid from 
alcohol and sulphuric acid, water is formed as a by-product: 


CoH;- JOH + H\SO,H = CyH;-SO,H + H20. 


This water partly distils along with the ether, but partly remains 
in the flask, decomposing the ethylsulphuric acid as formed into 
aleohol and sulphuric acid. When the amount of water inthe 
reaction-mixture exceeds a certain limit, it prevents the formation 
of ethylsulphurie acid altogether, thus putting an end to the pro- 
duction of ether. 

When another alcohol is allowed to flow into the original mix 
ture instead of ethyl alcohol, shortly before the distillation begins, 
a mixed ether is obtained: 


CoH;-|SO,4H +H!|-O-C5Hy, = CoHs-O-C5Hy; + H280u. 
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This reaction proves that the formation of ether takes place in 
the two stages mentioned above. 


The crude ether thus obtained contains water, alcohol, and small 
quantities of sulphur dioxide. It is left in contact with guicklime 
for several days, the water, sulphur dioxide, and part of the alcohol 
being thus removed. It is then distilled from a water-bath heated 
to about 55°. To remove the small quantity of alcohol remaining, 
it is extracted several times with small volumes of water, and the 
water run off. The ether is separated from dissolved water by dis- 
tillation, first over calcium chloride and finally over sodium. 


63. Diethyl ether is a colourless, very mobile liquid of agree- 
able odour, boiling at 35-4°, and solidifying at —117-6°. Pro- 
longed breathing of it produces unconsciousness, followed by but 
slightly disagreeable consequences on awakening. Ether is there- 
fore used in surgery as an anesthetic. It is slightly soluble in 
water, one volume dissolving in 11-1 volumes of water at 25°: on 
the other hand, water dissolves slightly in ether (2 per cent. by 
volume at 12°). On account of its low boiling-point, ether is very 
volatile, and as its vapour is highly combustible, burning with a 
luminous flame, and producing an explosive mixture with air, it 
is a substance requiring very careful handling. Intense cold is pro- 
duced by its evaporation, the outside of a flask containing it be- 
coming coated with ice when the evaporation of the ether is pro- 
moted by the introduction of a rapid stream of air. 

In the laboratory, ether is an invaluable solvent and crystalliz- 
ing-medium for many compounds, and is used for extracting 
aqueous solutions (24). It is also of great utility in many manu- 
facturing processes. 


Homologues. 


64. The ethers are comparatively stable towards chemical reagents. 
Dilute acids, alkalis, and phosphorus pentachloride have no action 
on them at the ordinary temperature. Sodium is unable to dis- 
place any of their hydrogen. When, however, they are treated 
with hydrogen halides, halogen compounds are formed. Thus, gas- 
eous hydriodic acid passed into an ether at the ordinary tempera- 
ture produces an alcohol and an alkyl iodide: 


CnHen+1 ¢ O+ Crm Hom+1 sr H “I = Cn Hen +1 “I +CmHem+1 : OH. 
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At higher temperatures water and an alkyl iodide are formed: 


(OAs hay ° O| “Cra Homa ar 2H -I = (Cale es = I + On Henia “I == H,0. 


Isomerism.—This may be caused, as in the alcohols, by branch- 
ing of the carbon chains, by the alteration of the position of the 
oxygen atom in the molecule, or by both causes simultaneously. 


ALKYL-RADICALS LINKED TO SULPHUR. 


65. The elements grouped in the same column of the periodic 
system (‘‘Inorganic Chemistry,’”’ 211-221) yield similar compounds, 
a fact traceable to their having equal valencies: they also have 
similar chemical properties. Experience has shown that organic 
compounds containing elements of such a group display the proper- 
ties of their inorganic analogues in every variety of similarity and 
dissimilarity, their points of resemblance and of difference being 
sometimes even more marked than those of the inorganic com- 
pounds. A comparison of the oxygen compounds treated of up to 
this point with the sulphur compounds of similar structure will 
serve as an example. 

The alcohols and ethers may be regarded as derived from water 
by the replacement of one or both of its hydrogen atoms by alkyl. 
The corresponding sulphur compounds are similarly derived from 
sulphuretted hydrogen, and are represented thus: 


Cy Hon +1 ‘SH and Cp Hon +1 S Com 31s 


The first are called mercaptans, and the second thioethers. 

The resemblance of these compounds to the alcohols and ethers 
is chiefly noticeable in their methods of formation, for if potas- 
sium hydrogen sulphide instead of potassium hydroxide reacts 
with an alkyl halide, a mercaptan is formed: 


C,Honyi? |X +K -SH — C,Hony1°-SH+KX. 


Like the alcohols, the mercaptans have one, and only one, 
hydrogen atom in the molecule replaceable by metals. It is there- 
fore reasonable to suppose that the hydrogen atom thus distin- 
guished from all the others is linked to sulphur, the other hydrogen 
atoms being linked to carbon. 

78 
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Just as the ethers are formed by the action of alkyl halides on 
alkoxides, so the thioethers are obtained by treating the metallic 
compounds of the mercaptans, the mercaptides, with alkyl halides: 


CaHon 41 S: [Na = Cn Hom 41 = Ci Hon +1 *S-C, Hom 44 + Nal. 


Water is a neutral compound, and sulphuretted hydrogen is a 
weak acid; in consequence alcohol does not form alkoxides with 
the bases of the heavy metals, whereas mercaptans yield mercap- 
tides with them. An alcohol soluble with difficulty in water, such 
as amyl alcohol, does not dissolve in alkalis; but the mercaptans, 
although insoluble in water, dissolve readily in alkalis, forming 
mercaptides. They therefore possess an acidic character. 


Mercaptans. 


66. The mercaptans can also be obtained by the action of phos- 
phorus pentasulphide upon alcohols: 


5C, Hon 41 -OH+ P85 > 5C, Hon 41 : SH; 


or by distilling a solution of potassium alkylsulphate with potas- 
sium hydrogen sulphide: 


CoH: [0-S03K + K-]SH = CoH;-SH + K»S0,. 


They are liquids almost insoluble in water, with boiling-points 
markedly lower than those of the corresponding alcohols. Thus, 
methyl mercaptan boils at 6°, methyl alcohol at 66°. They are 
characterized by their exceedingly disagreeable odour, a property 
characteristic of almost all volatile sulphur compounds. Our 
olfactory organs are very sensitive to mercaptans, and can detect 
the merest traces of them, even when quite unrecognizable by 
chemical means. 

Many metallic compounds of the mercaptans are known, some 
of them in well-crystallized forms. The mercury mercaptides fur- 
nish an example of these bodies, and are produced by the action 
of mercaptans on mercuric oxide, whence the name of these com- 
pounds is derived (by shortening corpus mercurio aptum to mer- 
captan). Many of the other heavy metals, such as lead, copper, 
and bismuth, yield mercaptides: the lead compounds have a yellow 
colour. The mercaptan is liberated from all mercaptides by the 
addition of mineral acids. 


80 
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Thioethers. 


67. In addition to the methods given in 65 for the preparation of 
thioethers, the action of potassium sulphide, K,S, upon the salts 
of alkylsulphuric acids may be employed: 


2C,H,/O.SO;K + K,|S = (C,H;).S +2K,SO,. 
pig ute hae 


The thioethers are neutral compounds with an exceedingly offen- 
sive odour. They are liquids insoluble in water, and yield double 
compounds with metallic salts, such as (C,H;).S- HgCly. 

With one molecule of an alky! iodide the thicethers form remark- 
able crystalline compounds of the type (C,H;)3SI. These com- 
pounds, called sulphonium iodides, are readily soluble in water. 
Moist silver oxide replaces the I-atem by hydroxyl: 


(C,H,)s81 + AgOH = (C,H,),SOH + AgI. 


The sulphonium hydroxides thus obtained dissolve easily in water, 
and are very alkaline in reaction. They are strong bases, absorbing 
carbon dioxide from the air, and yielding salts with acids. In 
the sulphonium halides, such as (C,H;);S-Cl, sulphur is the only 
element to which the univalent alkyl-groups and univalent Cl-atom 
can be united, so that these substances must have constitutional 
formule of the type 


CoH, yo 
Ss 


CH. <a 


The mercaptans resemble sulphuretted hydrogen in being slowly 
oxidized by contact with air, whereby they are converted into disul- 
phides like diethyl disulphide, 


C,H;-S-8-C,H,. 


The hydrogen linked to sulphur has been removed by oxidation, so 
that the disulphides have the constitution given above. <A further 
proof is their formation when potassium ethylsulphate is heated 
with potassium disulphide, K,§,. 

Numerous inorganic compounds containing oxygen and sulphur 
exist. Similar substances are also known in organic chemistry. 
Coon 
CH ee SO, are formed by the oxidation of 
thioethers with nitric acid. Their constitution is indicated by the 
fact that they are very easily reduced to thioethers. 


The sulphoxides, 


If the oxygen 
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were linked to carbon, they would not behave in this manner, be- 
cause neither alcohols nor ethers lose their oxygen by gentle reduction. 
The sulphones are compounds with the constitution ee >SO.,, 
n442n+1 
as shown in 68. They are formed by energetic oxidation of the thio- 
ethers, and also by oxidizing sulphoxides. Nascent hydrogen is 
unable to effect their reduction. 


Sulphonic Acids. 


68. The sulphonic acids result when mereaptans undergo vigorous 
oxidation (with nitric acid). They have the formula C,Hen,:-SO,H. 
During this oxidation the alkyl-group remains intact, for the salts 
of these sulphonic acids are also formed by interaction of an alkyl 
iodide and a sulphite: 

C,H,|I + K|SO,K = KI +C,H,SO,K. 

Since the sulphur in mercaptans is directly linked to carbon, the 
same is true of the sulphonic acids. This is further proved by 
the fact that on reduction the latter yield mercaptans. The struc- 
ture of ethylsulphonic acid is therefore CH,-CH,-SO,H. 

The group SO,H must contain a hydroxyl-group, because PCI, 
yields with a sulphonic acid a sulphonyl chloride, CnHon +1-SO-Cl, 
from which the sulphonic acld may be regenerated by the action 
of water. The structure of the compound is therefore 


CH,-CH,-SO,-OH. 


The alkylsulphonic acids are strongly acidic, very hygroscopic, 
crystalline substances, and are very soluble in water. 

In the sulphony] chlorides, chlorine can be replaced by hydrogen 
in the nascent state. The bodies thus obtained have the formula 
CnHeon+1°SO.H, and are called sulphinic acids. When an alkyl 
halide reacts with the sodium salt of a sulphinic acid, a sulphone 
(67) is formed: 


C,H,S0,|Nat BrlC.H,=(2f}*> SO, + Nabr. 


This mode of preparation is a proof of the constitution of the 


sulphones. 
Selenium and tellurium compounds corresponding to most of these 
sulphur compounds are known, and have also a most offensive odour. 


ALKYL-RADICALS LINKED TO NITROGEN. 


I. AMINES. 


69. At the beginning of the last chapter (65) it was stated that the 
properties possessed by inorganic compounds are even more marked 
in their organic derivatives. The compounds to be described in 
this chapter afford another striking example of this phenomenon. 

The term amines is applied to substances which may be regarded 
as derived from ammonia by exchange of hydrogen for alkyl-radi- 
cals. The most characteristic property of ammonia is its power of 
combining with acids to form salts by direct addition: 


NH3+H-X= NHy-X. 


Tervalent nitrogen is thereby made quinquivalent, a change ap- 
parently intimately connected with its basic character. This 
property is also found among the alkylamines. They are, at least 
those low in the series, better conductors of electricity for the 
same molecular concentration of their aqueous solutions, and are 
therefore more strongly basic than ammonia itself (‘Inorganic 
Chemistry,’ 66 and 238). This applies also to the organic com- 
pounds corresponding to ammonium hydroxide, NHyOH. The last- 
named substance is not known in the free state, but it exists in 
the aqueous solution of ammonia. It is very unstable, being com- 
pletely deromposed into water and ammonia by boiling its solu- 
tion. It has only weakly basic properties, because there are but 
few NH,-ions and OH-ions in its aqueous solution, apparently 
because the compound NH,OH has a very strong tendency to 
break up into NH3 and H,0. Such a decomposition is, however, 
no longer possible for compounds containing four alkyl-groups in 
place of the four hydrogen atoms of the NHu-group, and experi- 
ence has shown that these compounds possess great stability. 
Since the nitrogen cannot revert to the tervalent condition, their 
82 
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basic character, in comparison with that of NH,OH, is so strength- 
ened that they are ionized to the same degree as the alkalis, being 
almost completely dissociated in ;,-normal solutions. 

The amines yield complex salts fully analogous to the platinum 
salt, (NH4)2PtClg, and the gold salt, NH,AuCly, of ammonia. 


Nomenclature and Isomerism. 


70. The amines are called primary, secondary, or tertiary, 
according to whether one, two, or three hydrogen atoms of NH3 
have been exchanged for alkyl-radicals. The compounds NR,OH, 
in which R stands for an alkyl-radical, are called quaternary am- 
monium bases. 

Isomerism of the amines may be due to different causes. First, 
to branching of the carbon chain, just as in the alcohols and other 
compounds. Second, to the position occupied by the nitrogen in 
the molecule. Third, to both causes simultaneously. In addition 
to these, the primary, secondary, and tertiary nature of the amines 
must be taken into account. A compound C3H»N, for example, 
ean be propylamine or isopropylamine, CH3-CH2-CH2-NH»2 or 


Cif2> CH-NHp, primary; methylethylamine, ESE second- 
CH, 
ary; or trimethylamine, CH3—N, tertiary. 
3 


Methods of Formation. 


71. HormaNN discovered that when an alcoholic or aqueous 
solution of ammonia is heated with an alkyl halide, the following 
reactions take place. 


PO He eC apNHy = HCMC: Hae iNHe @— 1)NHs. 


The alkyl-group thus takes the place of one hydrogen atom in 
NHsz, this atom uniting with the halogen atom of the alky] halide 
to form a hydrogen halide. This acid can unite with the primary 
amine formed, or with the ammonia, and in fact combines with a 


portion of each. 
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The primary amine remaining free reacts further with the alkyl 
halide in the same way: 


II. C,Hop41Cl + gNHo-CyHoa41 = HCl+ (CaHan+1)2NH + 
+ (q—1)NHe2-C,Hon41- 


A part of this secondary amine also remains free and enters 
into reaction in its turn: 


TIT. CyHop41-Cl+7r(CyHong1)2NH = HC1+ (C, Hon +1)3N + 
+ (r—1)NH(C, Hon 41)2- 


Lastly, the tertiary amine, which also remains partly free, 
unites with the alkyl halide, yielding the halide of a quaternary 
ammonium base: 


IV. (CaHon+1)3N +CnHonai1 Cl = (CoHon41)4N-Cl. 


It is assumed that excess of ammonia is employed; but even 
when it is otherwise, and in general for. every proportion of alkyl 
halide and ammonia, the reaction takes place-in these four phases. 
The final result is, therefore, that the primary, secondary, and ter- 
tiary amines, and the ammonium base, are formed together. It 
is often possible, however, so to adjust the proportion of ammonia 
and alkyl halide, together with the duration of the reaction, etc., 
that a given amine is the main product, and the quantities of the 
other amines are small. The nature of the alkyl-group also exer- 
cises a great influence upon the character of the reaction-product. 

The separation of the ammonium bases from the ammonia and 
amines is simple, because, while the amines are liquids volatilizing 
without decomposition, or gases, the ammonium bases are not vol- 
atile. When, therefore, the mixture of the amine hydrohalides 
and the ammonium bases is distilled after addition of caustic 
potash, only the free amines pass over. 

To separate the primary amines from the mixture of the 
hydrohalides of the three amines, fractional crystallization is often 
employed for the lower members, methylamine, dimethylamine, 
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and so on. The propylamines and those succeeding can be sepa- 
rated by fractional distillation. 

Various methods of preparing primary amines unmixed with 
secondary or tertiary are known (85, 104, 264, 274, and 371). 

The velocity of the formation of tetraalkylammonium iodides from 
triethylamine and an alkyl iodide or bromide has been investigated 
by MENscHuTKIN. It is apparently a bimolecular reaction (‘‘In- 
organic Chemistry,” 50), and therefore takes place according to 
the equation 

dx 


ra k(a—2x)(b—2), 


where s is the velocity, k the constant of the reaction, a and b the 
quantities of amine and iodide per unit volume expressed in mole- 
cules, and x the quantity of both which has entered into reaction 
after the time ¢. For the investigation of these velocities, weighed 
_ quantities of the amine and iodide are brought into contact in a 
suitable solvent, the solution heated in a sealed tube at 100°, and 
after known intervals of time x determined. With the aid of 
higher mathematics it is possible to solve the equation for k, and 
it is found that the value of k is constant for every reaction: that 
is, if corresponding sets of values are substituted for ¢ and x in the 
equation, on solving it the same value is always obtained for k. 
The greater the molecular weight of the alkyl-radical, the smaller 
is k, although the decrease is not very marked: for example, when 
the amine reacts with propyl bromide, k=0-00165; with octyl 
bromide k=0-00110 (with acetone as solvent). The equation is 
always applicable, being independent of the solvent used, as might 
be expected from the fact that it does not contain any term depend- 
ent upon the nature of the solvent. There was made, however, an 
unexpected observation of the extraordinarily great influence 
exercised by the nature of the solvent upon the values of k. Using 
hexane as a solvent, k=0-000180 for the combination of triethyl- 
amine and ethyl iodide: for methyl alcohol, on the other hand, 
k=0-0516, or 286-6 times as great. 

In many other instances the nature of the solvent exercises an 
important influence upon the velocity of reaction, but a satisfactory 
explanation of the phenomenon is still lacking. 
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Properties. 


72. The primary, secondary, and tertiary amines are sharply 
distinguished from one another by their different behaviour towards 
nitrous acid, HO-NO. 


Primary amines yield alcohols, with evolution of nitrogen: 


CEG NITES 
ene = C,H, 41-OH +N2+H,0. 


The reaction is fully analogous to the decomposition of ammonium 
nitrite into water and nitrogen: 


(H- NHL] 


| =< Xf 


NH3-HONO = 


Secondary amines yield nitrosoamines: 


H-+HO|NO = (C, Hoy +1)2N-NO +H30. 


(Cy, Hon 41) 2N 


The lower members are yellowish liquids of characteristic odour, 
and are slightly soluble in water. They are easily reconverted into 
secondary amines by the action of concentrated hydrochloric acid 
(315): this is a proof of the structure given above, because if the 
nitroso-group were directly linked to a carbon atom either by its 
oxygen or by its nitrogen, it would not be possible thus to recon- 
vert the nitrcsoamine into a secondary amine. 

Tertiary amines are either unacted on, or oxidized, by nitrous 
acid. 

Their behaviour with nitrous acid therefore affords a means of 
distinguishing the three classes of amines from one another. It 
also serves as a basis for the separation of the secondary and ter- 
tiary amines in the pure state from a mixture of the two. When a 
concentrated solution of sodium nitrite is added to a hydrochloric- 
acid solution of a mixture of the two amines, the secondary amine 
is converted into anitrosoamine: this collects as an oil on the sur- 
face of the aqueous solution, and can be removed by means of a 
separating-funnel. The tertiary amine is not attacked, but re- 
mains in the aqueous solution in the form of a salt: it can be> 
obtained by distilling with caustic potash. Any primary amine 
present is decomposed during the process. 
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Another method of distinguishing between primary, secondary, 
and tertiary amines consists in the determination of the number of 
alkyl-groups with which the amine can combine. For example, if 
a compound C3H9N is propylamine, C3H;NHg, it should yield, when 
heated with excess of methyl iodide, a compound 


C3H, 


(Ginyoe = CeHi6NI: 


or if CsHgN = ae NE, the same treatment should yield 


C2Hs VI = C5H,4NI: or lastly, if C3H9N = (CH3)3N, there would be 
(CH3)s 


obtained (CH3)4NI=C,Hy,2NI. A titration of the iodine ion of 
the quaternary ammonium iodide formed determines whether 
C3H9N is primary, secondary, or tertiary. 


Hormann’s test for primary amines is described in 84. 
Individual Members. 


73. The lower members are inflammable gases, and are very 
soluble in water; thus, 1150 volumes of methylamine dissolve in 
one volume of water at 12-5°. The succeeding members have low 
boiling-points, and are miscible with water in all proportions. 
Both they and the lower members have a characteristic ammo- 
niacal odour, like boiled lobsters. The higher members are odour- 
less and insoluble in water. The specific gravities of the amines 
are considerably less than 1, that of methylamine being only 0-699 
at —11°. The following table indicates the variations of their 
boiling-points. 


Alkyl-Radical. Primary. Secondary. Tertiary. 
IVEe Ghavileeere cru spcne tte ceses «= eos —6° te See 
IDdidlie: ote tokeennc Grae anes 19° 56° 90° 
PELLODVlemioreachen sce. 49° 98° 156° 
To- BUG Yl sym ameewsiehs, sete tyaas HO? 160° DSS 
Ei OX CAIN A has eeareetececl Co ectepe cr eae 180° 297° 366° 


Methylamine occurs in Mercurialis perennis: it. is readily pre- 
pared by the interaction of ammonia and dimethyl sulphate. Di- 
methylamine (316) and trimethylamine are constituents of herring- 
brine. 
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Trimethylamine, (CH;),;N, can be readily prepared by heating 
ammonium chloride with formaldehyde (‘‘ Formalin,” 117) in an 
autoclave at 120°-160°: 


2NH, + 9CH,O = 2(CH,),N +3CO, +3H,0. 


Tetramethylammonium hydroxide, (CH3)4N-OH, is obtained by 
treating a solution of the corresponding chloride in methyl alcohol 
with the equivalent quantity of caustic potash. After filtering off 
the precipitated potassium chloride, the solution is diluted with 
water, and evaporated in vacuo at 35° to remove the alcohol. The 
base crystallizes out as hydrates, which are very hygroscopic and 
absorb carbon dioxide readily. It is decomposed by heat into 
trimethylamine and methyl alcohol: 


(CH3),N-OH = (CH3)3;N +CH,OH. 


The higher ammonium bases are converted by dry distillation 

into a tertiary amine, water, and a hydrocarbon C, Hop: 
(CoH5)4N-OH = (CoH5)3N +CoHy + H20. 
Triethylamine Ethylene 

The structure of the ammonium bases is thus explained. Only 
the nitrogen atom is able to link to itself the four univalent alkyl- 
groups and the univalent hydroxyl-group. It must be assumed 
to be quinquivalent in these compounds, and the constitution of 
the ammonium bases is therefore 


Cy, Hon +1 
Calton: oN < Op artl 
C,H 2p+1 


n, m, p, and r being similar or dissimilar. 


Alkyl-derivatives of hydrazine or diamide, H.N-NH,, are also 
known. Among the methods for their preparation may be men- 
tioned the direct introduction of an alkyl-group into hydrazine, and 
the careful reduction of nitrosoamines (72). They have little power 
of resisting oxidizing agents, reducing an alkaline copper solution, 
for example, at the ordinary temperature. 

74. Triethylamine is soluble in water, although at about 20 this 
solution separates into two layers. The upper consists of a solu- 
tion of water in the amine, and the lower of a solution of the amine 
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in water. In the neighbourhood of 20° a slight rise in temperature 
effects this separation into two layers, merely holding the tube for 
a short time in the warm hand being sufficient. 

This separation at a definite temperature is best understood 
from a consideration of the solubility-curve of the system amine + 
water, This amine (Fig. 27) is less soluble in warm water than in 
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Fic. 27.—SOLUBILITY-CURVES FOR TRIETHYLAMINE AND WATER. 
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Fig. 28.—UsuaxL Form or SOLUBILITY-CURVE FOR Two LiQuIDs. 


cold, and below 20° is miscible with water in all proportions. If, 
for example, increasing quantities of the amine be added to water 
at 30°, it dissolves until the amount of amine reaches about 5 per 
cent. (cf. Fig. 27). The solution is then saturated, and addition of 
more of the amine produces a second layer of liquid. On the other 
hand, when water is added to triethylamine at 25°, it dissolves 
until the amount of water reaches about 5 per cent. (cj. Fig. 27). 
Beyond this point two layers are formed. The line DC is the solu- 
bility-curve for water dissolved in triethylamine, and the line AB 
that for triethylamine in water. When the temperature falls, on 
the one hand the solubility of the water in the amine increases, and 


90 ORGANIC CHEMISTRY. [§ 75 


on the other that of the amine in the water, so that the solubility- 
curves meet between B and C. The whole area is divided into two 
parts by the solubility-curves. All points within ABCD correspond 
with two layers of liquid, and all points outside it with a homoge- 
neous mixture. 

If, for example, the abscissa PQ is drawn for a mixture of 20 per 
cent. of amine and 80 per cent. of water, the mixture is homogeneous 
for all temperatures up to the point R, and heterogeneous above that 
temperature. Along the very steep portion of the curve, repre- 
sented in this special case by the part BC, a slight rise in tempera- 
ture must evidently result in separation of the hquid; because al- 
though at about 20° (the point /) an 80 per cent. amine solution of 
water and a 20 per cent. aqueous solution of amine are just about 
to form, at R’ (less than 1° higher) the separation would produce 
an 80 per cent. aqueous solution of amine and a 20 per cent. amine 
solution of water. It follows that in this part of the curve a small 
rise of temperature must cause a separation of water sufficient to 
alter the composition of one of the layers from 20 per cent. to 80 
per cent. of amine. 

It has been already mentioned that-the relative solubility-curve 
for the system water + triethylamine has an abnormal path in the 
portion BC. Moreover, the whole curve differs from those ordi- 
narily obtained. The solubility of liquids partially miscible with 
one another usually increases with the temperature, Just as in the 
ease of solids and hquids, so that the ordinary curve is therefore the 
converse of that in Fig. 27, and is usually as represented in Fig. 28. 


Il. NITRO-COMPOUNDS. 


75. When silver nitrite reacts with av alkyl iodide, two com- 
pounds are formed, both with the empirical formula C,H», 4;NOz, 
but having different boiling-points. From ethyl iodide, for ex- 
ample, a substance CgH;NOy», boiling at 17°, and another boiling 
at 113°-114°, are obtained. The two isomerides are therefore read- 
ily separated by fractionation. 

The compound of lower boiling-point is decomposed into alcohol 
and nitrous acid by the action of caustic potash. It must there- 
fore be looked upon as an ester of nitrous acid, being formed thus: 


Oy pate II ai Ag| -ONO = Crit -ONO + AgT. 


When these esters, or alkyl nitrites, are reduced, they are con- 
verted into an alcohol and ammonia. 
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The compound boiling at the higher temperature behaves quite 
differently. It is not converted into a nitrite and alcohol by the 
action of alkalis, and on reduction its two oxygen atoms are replaced 
by two hydrogen atoms, with formation of a primary amine: 


CyHon41NO2 ans Cp Hon 41N He. 


The last reaction shows that the nitrogen in this class of 
compounds is directly linked to carbon, because it is so in the 
amines. The oxygen atoms can be linked only to the nitrogen, 
because the reduction to amine takes place at the ordinary tem- 
perature. Under these conditions it is not possible to replace 
oxygen directly linked to carbon, for neither alcohols nor ethers 
are reduced at low temperatures to substances not containing 
oxygen. This leads to the conclusion that these substances, called 
nitro-compounds, have the constitution C,H»2,41;—NOs. 

Nitro-compounds therefore contain a group NOs, the nitrogen atom 
being directly linked to carbon; this group vs called the nitro-group. 

The names of these compounds are formed from those of the 
saturated hydrocarbons by means of the prefix nitro. The com- 
pound CH;NOsz is thus nitromethane; CoH5NOz is nitroethane; and 
so on. The members of this homologous series are called nitro- 
paraffins. They are colourless liquids of ethereal odour: the lower 
members are slightly soluble in water. They all distil without 
decomposition. 

76. The nitro-derivatives have a number of characteristic pro- 
perties, among them the possession of one hydrogen atom replaceable 
by alkali-metals, especially sodium. Thissodium compound 1s most 
readily obtained by the action of sodium ethoxide or methoxide upon 
the nitro-compound in absolute-alcoholic solution. A fine, white, 
erystalline precipitate is thus formed, that from nitroethane, for 
example, having the composition C2.H,NaNO»,. The insolubility 
of these sodium compounds in absolute alcohol is sometimes em- 
ployed in the separation-of the nitroparaffins from other substances. 

This power of exchanging hydrogen for sodium only exists 
when at least one hydrogen atom is linked to the carbon atom 
carrying the nitro-group. As from nitroethane, a metallic com- 
pound is obtained from secondary nitropropane, 


H.C <5 ?; 
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but tertiary nitrobutane, 


CH; 
CH3SC- NOs, 
CH; 


does not yield any corresponding metallic derivative. The struc- 
ture of these metallic compounds is considered in 311. 

When an alkaline solution of a nitro-compound is brought into 
contact with bromine, one (or more) of its hydrogen atoms linked 
to the same carbon atom as the nitro-group is replaced by bromine. 
This reaction is analogous to the substitution by metals, it being 
still possible, for example, to introduce one bromine atom into 


CH3-CHBrNOz, but not into CH3- (cu, 
\NO3. 


77. The behaviour of nitro-compounds with nitrous acid is very 
characteristic, and affords a method of distinguishing between pri- 
mary, secondary, and tertiary nitro-derivatives. The reaction is car- 
ried out by adding sodium nitrite to an alkaline solution of the 
nitro-compound, and acidifying with dilute sulphuric acid. From 
a primary nitro-compound, an alkylmtrolic acid is formed: 


~N-OH 


CH; -C|H (H.+O|NOH = CHs- ‘CENO, + HO. 
~ NO Ethylnitrolic Bae 


The constitution of these compounds is indicated by their produc- 
tion from a dibromonitro-compound by the action of hydroxylamine, 
H.NOH: 


~z NOH 


CH, -C/Brz+H:NOH = CH,-CZ 6, 


\No, 


+2HBr. 


The alkylnitrolic acids dissolve in alkalis, yielding metallic com- 
pounds of blood-red colour, this reaction affording a characteristic 
test for them. They crystallize well, but are by no means stable. 

When similarly treated, the secondary nitro-compounds yield 


pseudonitroles. They contain the group —=C < ae : 
2 


CH |H JH+HO|NO _ CH NO 
CH, - “Nossa = GH, 7 ©<No, + #20 


Propylpseudonitrole. 
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When solid, the pseudonitroles are colourless, crystalline sub- 
stances, but have an intense blue colour in the fused state or in 
solution. This characteristic serves as a test for them. 

Lastly, the tertiary nitro-compounds are not acted on by nitrous 
acid. 

Among the other properties of nitro-compounds is their decom- 
position into the acid with the same number of carbon atoms and 
hydroxylamine, by heating with hydrochloric acid: 

CH;-CH,-NO.+H:O = CH;-COOH+H:NOH. 
Nitroethane Acetic acid Hydroxylamine 
The mechanism of this reaction is explicable on the assumption that 
the nitro-compound is first transformed into a hydroxamic acid : 


R-CH,NO, > R-CZ cae 


Hydroxamice acid 
The hydroxamic acid is then converted by the water present into 
the acid and hydroxylamine: 


R.c< NOH. 0 =R.C< 0, + H,NOH. 


Acid Hydroxylamine 


ALKYL-RADICALS LINKED TO OTHER ELEMENTS. 


I. ALKYL-RADICALS LINKED TO ELEMENTS OF THE NITROGEN 
GROUP. 


78. Ammonia unites readily with acids, with formation of salts. 
Phosphine, PH3, also possesses this property, although the phos- 
phonium salts, PH,X, are decomposed even by water into an acid 
and phosphine. 

The basic character has wholly disappeared in arsine, AsHs, 
and stibine, SbH3. Bismuth does not yield a hydride, and possesses 
only very slight traces of the characteristics of metalloids. 

Ammonia cannot be easily oxidized, and is unacted on by the 
oxygen of the atmosphere at ordinary temperatures. On the 
other hand, the hydrides of phosphorus, arsenic, and antimony are 
readily oxidized. 

All these properties are displayed by the compounds of these 
elements with alkyl-radicals, 


Phosphines. 


79. The amines yield stronger bases than ammonia. Similarly, 
the phosphines form stronger bases than phosphine. In both cases 
this property becomes more marked as the number of alkyl-groups 
replacing hydrogen atoms increases. The salts of the monoalkyl- 
phosphines, for example, are decomposed by water, whereas those 
of the dialkylphosphines and trialkylphosphines are not. The 
quaternary phosphonium bases, PR,OH, are as strongly basie as 
the ammonium bases. When a phosphonium base is heated, it 
does not, like an ammonium base (73), decompose into an alcohol 
(or Ch Hen + H2O) and a trialkyl base, but into a hydrocarbon CyHon+2 
and an oxygen compound: 


(CLA) aP -OH =(C,H, a (C,H,);PO. 
94 


. 
§ 80] PHOSPHINES AND ARSINES, 95 


This substance is called triethylphosphine oxide. In this reaction 
the great affinity between phosphorus and oxygen plays an impor- 
tant part. This affinity is also indicated by the ease with which the 
phosphines undergo oxidation, a change effected even by the action 
of the air. Nitric acid oxidizes phosphine, PHs, to phosphoric 
acid, OP(OH)s: in an analogous manner the phosphines take up 
one oxygen atom, and in addition as many oxygen atoms as there 
are hydrogen atoms directly linked to phosphorus: 


CH : CH CH - Hs). 
H? gives (HO). 703 ( ohp gives ee joe OI 
Monomethylphosphinie Diener yt nospinass 
aci 


and (CH;),P gives (CHE) b: ©! 


Trimethylphosphine oxide 


The constitution of these compounds is established by a variety 
of considerations: for instance, by the fact that the monoalkylphos- 
phinic acids are dibasic, that the dialkylphosphinic acids are 
monobasic, and that the trialkylphosphine oxides have no acidic 
properties. 

The phosphines are colourless liquids of penetrating, stupefying 
odour. Methylphosphine, CH,PH,, is a gas: in very small quan- 
tities triethylphosphine has an odour of hyacinths. 

Methods of Formation.—Only tertiary phosphines and phospho- 
nium compounds are formed by the action of alkyl halides upon 
phosphine, PH;. Primary and secondary phosphines are obtained 
by heating phosphonium iodide, PH,I, with an alkyl iodide and 
zinc oxide. 


Arsines. 


80. The primary and secondary arsines, H,ASCH, and HAs(CH;),, 
are obtained by reduction of monomethylarsinic acid and dimethyl- 
arsinic acid, (CH,)HAsO-OH and (CH;),AsO-OH, by amalgamated 
zinc-dust and hydrochloric acid. Both are immediately oxidized 
by the air. Tertiary arsines do not yield bases with water. They 
are formed by the action of a zine alkide on arsenic chloride, AsCl,, 
and from sodium arsenide and an alkyl iodide: 


Quaternary arsonium bases, however, have strongly marked basic 
properties. They are prepared by the addition of alkyl halides to 


96 
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tertiary arsines, and treatment of the resulting halide with silver 
hydroxide. 

The best-known arsenic derivatives containing alkyl-radicals are 
the cacodyl compounds. They were investigated by BUNSEN, who gave 
them this name in consequence of their offensive smell. They are 
very poisonous. The name cacodyl is applied to the univalent group 


CH As—. Cacodyl oxide, [(CH,),As],O, is formed by distilling 


arsenious oxide with the acetate of an alkali-metal. All the other 
cacodyl compounds are obtained from cacodyl oxide; thus, cacodyl 
chloride, (CH,),AsCl, is prepared by heating the oxide with hydro- 
chloric acid, and cacodyl, (CH,),As-As(CH,)., by heating the chlo- 
ride with zinc in an atmosphere of carbon dioxide. When brought 
into contact with air, both ignite spontaneously. 


Stibines and Bismuthines. 


The tertiary stibines and the quaternary stibonium bases have been 
obtained from antimony. The first-named are very readily oxidized, 
taking fire spontaneously in the air. The stibonium bases are as 
basic in character as the corresponding nitrogen, phosphorus, and 
arsenic derivatives. The pentamethyl-derivative Sb(CH;); is also 
known. 

Bismuth does not yield a hydride, but tertiary bismuthines, such 
as (C.H,),Bi, have been prepared. They are very unstable, and 
explode when heated. They do not form addition-products with 
alkyl halides, so that the “ bismuthonium”’ bases are unknown. 


TW. ALKYL-RADICALS LINKED TO THE ELEMENTS OF THE CARBON 


GROUP. 


81. The elements in each group or column of the periodic system 
are divided into two sub-groups: in one the elements are electro- 
positive and base-forming; in the other electro-negative and acid- 
forming (“Inorganic Chemistry,” 213). In the first division of the 
carbon group are titanium, zirconium, and thorium; in the second, 
carbon, silicou, germanium, tin, and lead. Only elements belonging 
to electro-negative sub-groups are capable oj yrelding alkyl-compounds, 
this being true not only of the carbon group of elements, but also 
of the elements of the other groups. In 1870, MenprLterr for 
this reason predicted that the then unknown element germanium 
would, in accordance with its position in the periodic system, yield 
alkyl-derivatives; this prediction was confirmed by the researches 
of Wink LER, to whom science is indebted for the discovery of this 


§ 82] METALLIC ALKIDES. 97 


element. Titanium belongs to the electro-positive sub-group, and 
though in many respects it resembles silicon, it has not been 
possible to prepare its alkyl-derivatives. 

Like carbon, the elements silicon, germanium, tin, and lead are 
quadrivalent. Numerous attempts have been made to prepare com- 
pounds containing chains of silicon atoms resembling the carbon 
chains. They have not been successful, no compounds containing a 
chain of more than three silicon atoms having been prepared. As 
far, therefore, as is at present known, silicon lacks the power of form- 
ing long chains like those present in many carbon compounds. On 
account of this defect, a “Chemistry of Silicon,” analogous to the 
“Chemistry of Carbon,” is not possible. 

The silicon alkides have a character analogous to that of the 
similarly constituted alkyl-derivatives of carbon. For example, 
silicon tetraethide, Si(C.H,),, and tetraethylmethane, C(C,H;),, are 
known. Both are liquids, and are not acted upon by either fuming 
nitric acid or fuming sulphuric acid at ordinary temperatures, but 
yield substitution-products with chlorine. Svlicoheptane, (C,H,),SiH, 
has a petroleum-like odour, a resemblance to triethylmethane, 
(C,H;),CH. 

Organic compounds of tin containing a tin atom linked to four 
dissimilar groups, and therefore possessing an asymmetric tin atom, 
have been prepared by Pops. He has also succeeded in resolving 
these derivatives into their optically active components, and KrprIne 
has effected the resolution of asymmetric silicon compounds, proots 
that optical activity does not depend on the nature of the carbon 
atom, but is inherent in every asymmetric arrangement of groups 
round a central atom. 


Ill. METALLIC ALKIDES. 


82. When excess of ethyl iodide is warmed with zinc, 4 white 
crystalline compound, C2H;ZnlI, is formed, and on stronger heat- 
ing it yields zinc ethide, Zn(C2H5)2, and zine iodide: 

2C2H;ZnI = Zn(CoH5)5+Znly. 


Zine ethide can be separated by distillation, which must be per- 
formed in an apparatus filled with an inert gas, because this com- 
pound, like the other zinc alkides, burns spontaneously when ex- 
posed to air. 

The metallic alkides are colourless liquids, heavier than water. 
Zine methide boils at 46°, zinc ethide at 118°, and zinc propide at 
146°. 
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When an alkyl iodide reacts with a zine alkide, a saturated 
hydrocarbon is formed: 


CH geet CHa ee rs 
CH; > [an + .CH3 = Znl¢ +2CH3 CHs3. 


Water converts zine alkides into saturated hydrocarbons and 
zine oxide: 


Zn(CHs3) a+ H,O == 2CH4 a ZnO. 


The halogens react very energetically with zinc alkides, yielding 
alky] halides. 

Sodium alkides and potassium alkides are formed by the action 
of sodium and potassium respectively upon zinc alkides. These 
metals dissolve in zine alkides, precipitating an equivalent 
quantity of zinc. Sodium alkides and potassium alkides have not 
been obtained in the pure state, but only in solution in zine alkides. 

Very remarkable compounds of magnesium have been obtained 
by Gricgnarp. When magnesium-turnings are brought into con- 
taet with a dry ethereal solution of an alkyl iodide, one gramme- 
molecule of the latter being employed for each gramme-atom of 
magnesium, a reaction ensues, the heat evolved raising the ether to 
the boiling-point. When sufficient ether is present, all the mag- 
nesium dissolves, forming an alkyl magnesium iodide, C,Hoy »1-Mg-I. 
This is combined with one molecule of ether, because on evap- 
oration to dryness the residue still contains equimolecular propor- 
tions of ether and the metallic compound. 

The alkyl magnesium halides of the type R-Mg-X can also be 
obtained free from ether by dissolving the alkyl halide in benzene, 
light petroleum, and other solvents, adding magnesium, and induc- 
ing the reaction by the introduction of a small quantity of a ter- 
tiary amine or of ether as a catalyst. 

Unlike the zine alkides, the alkyl magnesium halides do not. 
ignite spontaneously when brought into contact with air. They 
are often employed for syntheses, notably those of the secondary 
and tertiary alcohols (111). 

The alkyl magnesium halides are decomposed by water, with 
formation of saturated hydrocarbons: 


C, Hon 41: Mg-Cl-+H20 = C, Hon +2 +Mg(OH)CI. 
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Mercury alkides are prepared similarly to zine alkides. They 
do not ignite in the air, and are dangerously poisonous. Such com- 
pounds as C,H,-Hg-OH are weak bases. 

Alkyl-derivatives of beryllium, magnesium, cadmium, alumin- 
ium, thallium, and lead have also been obtained, some by the aid 
of Grignarp’s alkyl magnesium halides. A typical instance is the 
formation of tin ethide by the interaction of stannic bromide and 
ethyl magnesium bromide: 


SnBr, +4C,H,-Mg-Br = Sn(C,H,), +4 MgBr,. 


s 
NITRILES AND ISONITRILES. 


- 83. When potassium ethylsulphate is distilled with potassium 
cyanide or anhydrous potassium ferrocyanide, K,Fe(CN)6¢, a liquid 
of exceedingly unpleasant odour is obtained. By fractional distil- 
lation it can be separated into two substances, both with the formula 
C3H;N. One is called ethylcarbylamine, and is only present in 
small proportion: it boils at 82°, and has a disagreeable smell like 
that of the original mixture. The other constitutes the main por- 
tion, and is called ethyl cyanide: it boils at 97°, and after purifica- 
tion has a not unpleasant odour, which is much less penetrating 
than that of ethylearbylamine. 

When acted upon by inorganic acids, these isomerides yield quite 
different decomposition-products. Ethylcarbylamine is attacked 
at ordinary temperatures: the oily layer floating on the surface of 
the acid dissolves completely, and the disagreeable odour 
disappears. Formic acid, CH2O2, can be obtained from this 
solution by distillation; and on addition of caustic potash to the 
residue in the distilling-flask and subsequent distillation, ethyl- 
amine, CoH;NHy», passes over, indicating that the nitrogen atom 
in ethylearbylamine, C3H5N, is directly united with the ethyl- 
group: 

C3H;N +2H,O0 =CH.02+CoH;N Hs. 


Ethylearbylamine Formic acid Ethylamine 


Ethyl cyanide is only slowly attacked by inorganic acids at 
ordinary temperatures, but heating accelerates their action. On 
warming the mixture in a flask with a reflux-condenser and subse- 
quent distillation, propionic acid, CzHgO2, passes over. This acid 
contains the same number of carbon atoms as ethyl cyanide, C3H;N. 
On making the residue in the flask alkaline and again distilling, 
ammonia is obtained. The nitrogen atom in ethyl cyanide cannot, 
therefore, be in direct union with the ethyl-group: 


C3H;N + 2H.O — C3H,0> af NH3. 


Echyl cyanide Propionic acid 


100 
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These facts indicate that the nitrogen atom in ethylearbylamine 
is in direct union with the ethyl-group, and that the three carbon 
atoms are not directly united, since one of them can be eliminated 
with production of formic acid. In ethyl cyanide, on the other 
hand, there must be a chain of three carbon atoms like that in 
propionic acid (87), and the nitrogen cannot be directly linked to 
the ethyl-group. These facts are expressed by the constitutional 
formule 

I. C2H;—NC, II. CsH;—CN., 
Carbylamine Cyanide 
On account of their method of formation, each must contain the 
group CN. 

Compounds with a structural formula like I. are named carbyl- 
aminesorisonitriles; those with a structural formula like Il.are called 
cyanides or nitriles. The names of the former are derived from 
the alkyl-radical they contain, thus methylcarbylamine, ethylcar- 
bylamine, etc. The latter can be designated analogously methyl 
cyanide, ethyl cyanide, etc., but are usually called nitriles and are 
named after the acid from which they are derived. Thus CH3-CN 
is acetonitrile, and CoH;-CN propionitrile, and so on. 

The constitution of the groups —CN and —NC requires further 


consideration. They are represented as —C= No and Se Ci 
the first with a triple, and the second with a quadruple, bond be- 
tween C and N. The reasons for adopting these formule in prefer- 
ence to such a one, for example, as —C—N= with free affinities are 


| 


stated in 128. 


The existence of a bivalent carbon atom in the carbylamines in 


IIE, LE 
a group —N=C is assumed by Ner and some other chemists 


(cf. 135 and 427). 


Carbylamines. 


84. Carbylamines are the principal product of the interaction 
of alkyl iodides and silver cyanide. They can also be obtained 
unmixed with nitriles by the action of caustic potash and chloro- 
form, CHCl, upon primary amines: 


C2H;N'H.| +C/HCls] +3KOH = 3KC]+3H,0 +C2H;-NC. 
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On account of the disagreeable and characteristic odour of the 
carbylamines, this reaction affords an exceedingly delicate test for 
primary amines. Secondary and tertiary amines are not converted 
into carbylamines by this reaction, since they lack two hydrogen 
atoms in direct union with the nitrogen atom of the amine. 

The carbylamines are colourless liquids, very stable towards 
alkalis, but readily converted by acids into a primary amine and 
formic acid. With dry hydrochloric acid in ethereal solution 
they yield unstable addition-products, such as 2CH3NC-3HCl. 


Nitriles. 


85. Nitriles are the chief product obtained when potassium 
cyanide reacts with alkyl iodides (cf. 84), or when it is submitted 
to dry distillation with potassium alkylsulphate. Sometimes anhy- 
drous potassium ferrocyanide, K,Fe(CN)g¢, can be advantageously 
substituted for potassium cyanide. 


Nitriles can be prepared by the action of an alkaline bromine 
solution (German, Bromlauge) on the higher primary amines: 


C,H,,CH,-NH, +2Br,+2NaOH = C,H,,CH,-NBr, +2NaBr +2H,0; 
C,H,,C [HIN [Br,| +2NaOH = C,H,,CN +2NaBr +2H,0. 


The nitriles are liquids of characteristic odour, soluble in water, 
and having specific gravities about 0-8. They are converted not 
only by acids, but also by warming with alkalis, into fatty acids 
containing the same number of carbon atoms and ammonia, a 
process called hydrolysis. They form addition-products with many 
substances, by conversion of the triple bond between nitrogen and 
carbon into a single bond. An example of this reaction is the 
addition of nascent hydrogen (MrENpDiUs): 


C2H;-CN +4H = CoH;-CHo-NHo. 
This produces a primary amine (71) with the same number of 
carbon atoms as the nitrile, the yield being very good for the higher 
members when sodium is brought into contact with a mixture of 
the nitrile and boiling absolute alcohol. 


A description of a number of other addition-products of the 
nitriles is given in 105. 


ACIDS4CH..0;. 


86. A solution of a sodium alkide in zine alkide is obtained by 
the interaction of sodium and a zinc alkide (82). When a stream 
of dry carbon dioxide is passed into this solution, the sodium salt 
of an acid with one carbon atom more in the molecule than the 
alkyl-group is formed. Thus, sodium methide, CH3Na, yields 
sodium acetate, CpH30,Na. This reaction may be explained by 
assuming that the sodium atom is released from the alkyl-group, and 
reacts with COs, becoming linked to an oxygen atom, an element 


Ee : HAO) < ; 
for which it possesses great affinity: Co is thus converted into 


O 


—C<z ONa’ Since this group, and also the alkyl-radical from 
which the sodium atom has been separated, have one free carbon 
bond apiece, it may be assumed that the two groups unite, forming 


a compound 
O 
ONa. 


Analogous to this is the formation of acids by the interaction 
of GrigNaRb’s alkyl magnesium halides (82) and carbon dioxide: 


CH,-Mg-Br +CO, = CH,-CO-O-Mg-Br. 


Addition-product 


C, Hen a1—C Zz 


The addition-product is decomposed by water, with production of 
the acid: 


CH;-CO-O-Mg-Br +H,0. = CH;-CO-OH +Mg(OH) Br, 
In accordance with these reactions the acids C,H2,O» contain 
the group te in union with an alkyl-radical. This view is 


supported by the formation of these compounds by other methods. 
Among them is their synthesis by the interaction of an alkyl iodide 
and potassium cyanide, followed by hydrolysis of the resulting nitrile. 
This hydrolysis consists in the addition of the elements of water, 
103 
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and entails breaking the bonds between carbon and nitrogen in the 
group —C=N. Ifany other bond ina nitrile CH3-CH2-CHy....CN 
were released, it would involve a severance of the carbon 
chain, and prevent the formation of an acid containing the same 
number of carbon atoms as the nitrile. The hydrolysis of the 
nitrile, in which an acid and ammonia are formed, may therefore 
be explained by assuming that the molecules of water are resolved 
into H and OH, the hydroxyl uniting with the carbon, and the 
hydrogen with the nitrogen. By a threefold repetition of this the 
nitrogen is converted into ammonia, the three bonds between car- 
bon and nitrogen, in the nitrile, being severed: 
Oder dat 
CH3- “OH HSN : 


SOHC HZ 


The formula of the acid formed is not CH3-CO3H3, but 
CH3-CO2H, containing one molecule of water less. When one 
molecule of water is eliminated from CH3-CO3H3, there results 
o|H 0 

CH;-C|OH — CH3-C< op» a substance containing the carboxyl- 
OH 

group. 

In this explanation of the formation of acids, the existence of 
an intermediate compound containing three hydroxyl-groups is 
assumed. Such substances are not known, but the assumption 
seems by no means improbable, because compounds containing 


: / OC2Hs 
three alkoxyl-groups exist; for example, CH3-C—OC2H;. 


OC2H; 
They are called ortho-esters (155). 
The acids C,H2,O2 can be formed by the action of carbon 
monoxide on metallic alkoxides under the influence of heat: 


CH;-ONa+CO = CH3-COONa. 


The formation of an addition-product between CH3-ONa and CO 
can be explained by the assumption that the alkoxide first decom- 
poses into CH; and ONa. 

Tt is mentioned in 49 and 50 that oxidation converts the primary 
alcohols into acids of the general formula C,H»,O2, with the same 
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number of C-atoms in the molecule. In this reaction the group 
—CH,0OH is oxidized to —COOH. 


The higher primary alcohols can also be transformed into the 
corresponding acids by heating them with soda-lime, free hydrogen 
being evolved: 

C,,Ha;-CH,OH +NaOH = C,,H,,-COONa +2H, 
Stearyl alcohol Sodium stearate 

The presence of hydroxyl in the carboxyl-group is proved by 
the action of the chlorides of phosphorus, which replace the OH- 
group by Cl, as with the alcohols. 

In each molecule of the acids of this series there is one hydrogen 
atom replaceable by metals. Only the carboxyl-hydrogen atom is 
in direct union with oxygen, and its special position suggests that 
it is the replaceable atom. The truth of this supposition has been 
proved by treating silver acetate, C.H3;02Ag, with ethyl iodide: 
ethyl acetate is formed, and not butyric acid, which would result 
if the Ag-atom were attached to the methyl C-atom; thus, 
CH,Ag-COOH. 

87. The lower members of this series of acids are liquid at 
ordinary temperatures. They can be distilled without decomposi- 


°o 
z 
re 
7] 
rm 
= 


Fig. 29.—MELTING-POINT CuRVE oF THE Farry Acips, 


tion, and have a very irritating and strongly acid odour in the 
concentrated state. They are miscible in all proportions with 
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water. The middle members (C4—Cg) have a disagreeable rancid 
smell. They are of an oily nature, and do not mix with water in 
all proportions. The higher members, beginning at Cio, are solid at 
ordinary temperature, without odour, and resemble paraffin-wax 
in character. They are almost insoluble in water, and cannot 
be distilled at the atmospheric pressure without decomposition. 
All the acids of this series dissolve readily in alcohol and 
ether.. Except the first member, they are very stable towards 
oxidizing agents. 

The acids of the series C,H»,O2 are called fatty acids, some of 
the higher members having been first obtained from fats. 

Many of the fatty acids are natural products, occurring either 
in the free state or as esters, and are of great theoretical and tech- 
nical importance. The table contains the names, formule, and 
certain physical constants of the normal-chain acids of the series 
C,H2, O02. 


Name, Formula. Melting-point. 


Boiling-point | Specific Gravity. 
Hormichacden eee CEEOD 8-3° NO 1- 2310 0?) 
Acetic acid....... C,H,0; 16-598° | 118° 1-0515 (15°) 
Propionic acid .... CHL Os — 22° 141° 0-9985 (14°) 
Butyric acid. ..... CEOs leah 7352 162° 0.9599 (19-19) 
Wailenicea cident Cann Os —58-5° 186° 0-9560 (0°) 
@aproicacidia.em ae CEOs — 1-5° 205° 0.9450 (0°) 
Heptylic acid..... CEOs —— 1) can oe 0-9186 (17-2°) 
Caprylic acid. ....|  C,H,,0, 16-5° 237-5° | 0-9100 (20°) 
Nonylie acid...... C,H,.O02 Tak 254° Q-9110 (M.P.) 
Caprice acid: ...-.). Crate Os 31-4° 269° 
Palmitic acid ..... C,,H2,0, 62-618° 
Margaric acid.....| C,,H3,O0, 60° 
Stearic acid... ... Cie. ©; 69-32° | 


Although the boiling-points rise with increase in the number 
of C-atoms in the molecule, the melting-points of the acids with an 
even number of C-atoms are higher than those of the acids imme- 
diately preceding and succeeding them, with an odd number of 
C-atoms (Fig. 29). This phenomenon has also been observed in 
some other homologous series. 

The residual groups which would result by elimination of hy- 
droxyl from fatty-acid molecules are unknown in the free state, 
but named after the corresponding acids by changing the termina- 


ation. “‘ic Pinto yl? unas; 
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H-CO Formyi, 
CH3-CO Acetyl, 
C,H;-CO Propionyl, 
C3H7-CO Butyryl, 
C4Hg-CO Valeryl, 
etc. 


Formic Acid, H-COOH. 


88. Formic acid derives its name from its presence in ants 
(Latin, formica). It can be obtained by passing carbon monoxide 
over soda-lime at 210°, the yield being geod (86), but is usually 
prepared by another method (158). It can also be got by oxidizing 
methyl alcohol. A peculiar method of synthesis is to pass a silent 
electric discharge through a mixture of carbon monoxide and 
steam, or carbon dioxide and hydrogen. 

Pure formic acid is a colourless liquid of irritating odour. Its 
salts are called jormates: they are soluble in water, some only with 
difficulty. 

Formic acid is distinguished from its homologues: first, by 
its susceptibility to oxidation, and hence its reducing power; second, 
in being readily decomposed into carbon monoxide and water. 
When mercuric oxide is added to a solution of formic acid,a solution 
of mercuric formate is obtained. If this solution be filtered and 
warmed, mercurous formate is precipitated with evolution of car- 
bon dioxide, and on further warming, metallic mercury is liberated: 


ACEO ATEOC 0) Sion epee en | 
He [OOCH + H[COO|Hé = 2H00CH + CO2+ HCOOH; 
Mercuric formate formate 


Hg|OOCH + H|COO|Hg = 2Hg + CO2+ HCOOH. 
Mercurous formate 

In this process half of the formic acid in the salt is set free, and 
half is oxidized. When a solution of silver formate is warmed, 
an exactly analogous reaction takes place; metallic silver is pre- 
cipitated, carbon dioxide evolved, and half of the acid liberated. 

When formic acid is warmed with concentrated sulphuric acid, 
water and carbon monoxide are formed: 

[H|CO[OH|=H.0+C0. 

The introduction of finely powdered metallic rhodium into an 
aqueous solution of the acid effects this decomposition even at 
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ordinary temperatures, the rhodium acting as an- accelerating 
catalyst. Since reactions which do not take place spontaneously 
cannot be brought about by catalysis (‘‘Inorganic Chemistry,” 25), 
it follows that formic acid decomposes of itself in the above sense, 
although so slowly as to seem perfectly stable. A large number 
of organic compounds behave similarly ([bid., 104). 

It is apparent that the properties of formic acid differ somewhat 
from those of the other acids of the homologous series in which it 
is the lowest member. A similar phenomenon is of frequent 
occurrence. 


Acetic Acid, CH3-COOH. 


89. Acetic acid has been known longer than any other acid. 
It is manufactured by two different methods. 

a. By oxidation of dilute alcohol, wine, beer, etc., by exposure 
to the air, with production of vinegar. The oxygen of the atmos- 
phere acts upon the alcohol by the aid of bacteria, and the process 
must be so regulated that these bacteria produce the greatest pos- 
sible effect. To this end it is important that the temperature 
should be kept between 20° and 35°. 


In the “quick” or German process for the preparation of 
Sat vinegar (Fig. 30), dilute alcohol 
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(6-10 per cent.) is allowed to drop 
on beech-wood shavings contained 
in a vat with a perforated false 
bottom, a. Holes bored in the 
sides of the vat near the bottom 
serve to admit an ascending stream 
of air, opposite in direction to that 
of the alcohol. The shavings of 
beech-wood distribute the liquid 
over a very large surface, thus 
facilitating the oxidizing action of 
the air, while at the same time 
they serve as a feeding ground for 
the bacteria. 
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Fic. 30.—PREPARaTION or VINE- b. Acetic acid is obtained in the 
GAR BY THE “Quick” or GEr- distillation of wood (46). By treat- 
Man DEoces) ment with quicklime, the acid is. 

converted into calcium acetate, which is freed from tarry im- 
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purities by heating to 200° in the air. The acetic acid is then 
liberated by distilling with an equivalent quantity of concentrated 
hydrochloric acid. It can be purified by distillation from potas- 
sium dichromate, being very stable towards oxidizing agents. 

Anhydrous acetic acid is solid at temperatures below 16-6°, 
when it has much the appearance of ice; hence the name glacial 
acetic acid. The solid acid has a penetrating odour, and is ob- 
tained by allowing a very concentrated solution of acetic acid to 
solidify, pouring off the liquid residue, melting the solidified acid, 
again allowing it to crystallize, and so on, these operations being 
repeated until the melting-point is constant. A rise of tempera- 
ture and contraction of volume occur when glacial acetic acid is 
mixed with water, the maximum rise and contraction being pro- 
duced by mixing in the proportion of one gramme-molecule of 
acetic acid to one gramme-molecule of water. This fact indicates 
the existence of a compound called ortho-acetic acid (86), with 
the formula CH3-COOH-H.,0 = CH3-C(OH)s. 

A fifty-five per cent. solution of glacial acetic acid in water has 
the same specific gravity as the pure, anhydrous acid. When 
water is added to glacial acetic acid, the specific gravity of the 
mixture first rises: further addition of water causes it to fall. 
This circumstance makes it impossible to determine the amount of 
acid present in such mixtures by the simple use of the hydrometer. 


The strength of very concentrated acetic acid is best determined 
by an observation of its melting-point, a thermometer graduated 
in tenths of a degree being used. In accordance with the formula 
given in 12, 

AM =Constant, 


the presence of 1 per cent. of water (molecular weight 18) would, 

since the constant for glacial acetic acid is 39, cause a depression 
39 : , 

(A) of = or 2-16°. Since a thermometer graduated in tenths can 

easily be read to within one-twentieth of a degree, the amount of 


water can be determined to within or 0-025 per cent. 


1 
2-16 20’ 
This is a degree of accuracy unattainable by titration. 

When either no very great accuracy is required, or the acetic 
acid is dilute, it is best to determine the strength by titrating a. 
weighed quantity of the solution with a standard solution of alkali. 
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The vapour density of acetic acid at temperatures slightly 
above its boiling-point is twice as great as that corresponding to 
the formula CoH,O2. At about 200°, however, the vapour den- 
sity is normal. A similar phenomenon has been observed with 
many acids of this series and other substances (296). 

The acetates, or salts of acetic acid, are soluble in water, the 
silver salt dissolving with difficulty. When ferric chloride is 
added to a solution of an acetate, such as sodium acetate, a blood- 
red colour is produced, owing to the formation of ferric acetate 
(the salts of formic and propionic acids produce the same result). 
When this solution is sufficiently dilute, brown-red basic ferric 
acetate, Fe(OH) .C2H30.2, is precipitated on boiling, acetic acid 
being simultaneously liberated. 

The dry distillation of anhydrous sodium acetate with soda- 
lime produces methane: 


CH,-COONa +NaOH = CH,+Na.COs. 


A very delicate test for acetic acid is the formation of cacodyl 
oxide (80). Owing to the extremely poisonous nature of this sub- 
stance, great care must be exercised in applying the test. Among 
the acetates of technical importance are lead acetate (‘‘sugar of 
lead’), basic lead acetate, and aluminium acetate. The first two are 
used in the manufacture of white lead, and the third as a mordant 
in calico-printing (362). 


Butyric Acids, CyHgQOpo. 


go. Two isomeric acids with the formula CyHgO2 are known. 
They are normal butyric acid, CH3-CH2-CH2-COOH, and isobuty- 


ric acid, (if. > CH COOH. The constitution of these acids is 


proved by their synthesis, the normal compound being obtained 
from n-propyl iodide, and the 7so-acid from isopropyl iodide: 


CH3-CH2-CHel — CH3-CH2-CH2-CN — CH3-CH».-CH,-COOH. 
CH3 CH; CHa 
CH, > CHI = CH, > CH-ON 6H >CH-COOH. 
The normal compound is also called “fermentation” butyric 
acid, from the fact that it can be obtained by the fermentation 
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under certain conditions of such substances as sugar. It has an 
extremely disagreeable odour, and can only be oxidized with diffi- 
culty. 


Butter contains about 4-5 per cent. of n-butyric acid, along with 
smaller quantities of other volatile acids of the fatty series, such as 
caproic acid: they are probably present as esters. Since volatile 
fatty acids are not obtained by saponification of other fats, whether 
animal or vegetable, their presence furnishes the most characteristic 
distinction between butter and margarine: the latter is a mixture of 
animal and vegetable fats. Since the percentage of volatile fatty 
acids in butter is not a constant quantity, but may vary between 
wide limits, it is not always possible to determine that a sample of 
butter has been adulterated with margarine by estimating these 
acids. By the application of other tests, however, it is sometimes 
possible to decide in such doubtful cases. 


isoButyric acid also has a very disagreeable odour. It contains 
a tertiary carbon atom, and since such compounds are readily 
oxidized, oxidation affords a method of distinguishing between the 
normal acid and the 7so-acid. 

The calcium salts of these acids also exhibit a remarkable dif- 
ference, that of the normal acid being less soluble in hot water 
than in cold, while that of the zso-acid follows the ordinary rule, 
and is more soluble in hot than in cold water. When heated to 
about 80°, a solution of normal calcium butyrate saturated at 0° 
deposits considerable quantities of the salt. 

In accordance with the principle of mobile equilibrium (‘‘In- 
organic Chemistry,” 235), calcium n-butyrate should dissolve in 
water with slight evolution of heat, and calcium isobutyrate with 
slight absorption of heat. This view is fully supported by the 
results of experiment. 


Higher Fatty Acids, C,H»2,O2. 


ot. Many of the higher members of the series of fatty acids are 
natural products, chief among them being palmitic acid, C1gH30g, 
and stearic acid, Cy;gH3gO2, both with normal carbon chains (144). 
In the form of esters of glycerol (159), these two acids occur in 
large quantities as the principal constituent of most animal and 
vegetable fats, from which they are obtained by saponification, a 


112 ORGANIC CHEMISTRY. {§ 91 


process carried out by heating either with slaked lime (101), or 
with concentrated sulphuric acid. The latter causes slight car- 
bonization, imparting a dark colour to the fatty acids. They can 
be purified by distillation with superheated steam. 


Another method of decomposing the fats into glycerol and a 
fatty acid depends upon the action of an enzyme (219) present in 
castor-seed (Latin, ricinus communis). After removal of the oil, the 
powdered seeds are intimately mixed with the fat: on addition of 
a dilute acid, such as decinormal sulphuric acid, an emulsion is 
formed. If the mixture is kept at a temperature of 30°-40° for 
two or three days, the fatty acids are set free in a very pure state; 
on gentle heating, the emulsion then separates into two layers, the 
upper consisting of the free acids, and the lower of an aqueous solu- 
tion containing 40-50 per cent. of glycerol. 


Saponification of fats yields a mixture of acids, semi-solid at 
ordinary temperatures. This mixture contains the two acids men- 
tioned above, melting at 62° and 69° respectively, when pure; but 
when mixed, each lowers the melting-point of the other (26). More- 
over, liquid oleic acid, belonging to another homologous series, is 
also present: it can be pressed out of the mixture, leaving a white, 
solid substance used in the manufacture of ‘‘stearine’’ candles. 
For this purpose the ‘‘stearine”’ is melted, and after addition of a 
small proportion of paraffin-wax, to prevent crystallization of the 
fatty acids, which would make the candles brittle, the molten sub- 
stance is poured into moulds, in the axes of which wicks are fas- 
tened. 

Soaps consist chiefly of the alkali-metal salts of the acids con- 
tained in fats. They are prepared by saponifying fats with a 
solution of caustic soda or of caustic potash heated to the boiling- 
temperature. Potassium-soap is called “soft soap,” and is usually 
yellow. In some countries it is tinted green by the addition of in- 
digo, and is then known as “‘green soap.’”’ Potassium-soap contains 
not only the potassium salts of the acids, but also the glycerol pro- 
duced in the reaction, and a considerable proportion of water. 
Sodium-soap is hard: it is separated from the reaction-mixture, 
after saponification is complete, by ‘‘salting-out,’’ which consists 
in the addition of solid common salt tothe mixture at the boiling- 
temperature. Since the sodium salts of the acids are insoluble in 
a concentrated solution of sodium chloride, the soap separates out 
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in the molten state, forming a layer on the surface of the brine, 
in which the glycerol remains dissolved. The soap thus obtained 
consists of the sodium salts of the acids, with a small percentage of 
water. 

92. The cleansing action of soap may be explained as follows. 
When an alkali-metal salt of one of the higher fatty acids is brought 
into contact with a large excess of water, it decomposes with for- 
mation of free alkali, a fact that was pointed out by CHEVREUL as 
early as at the beginning of the nineteenth century. The acid thus 
liberated unites with a second molecule of the salt to form an in- 
soluble substance, which with the water produces the lather. The 
presence of free alkali in dilute soap-solutions can be experimentally 
demonstrated. A concentrated soap-solution is only very slightly 
coloured by phenolphthalein; but the addition of a large propor- 
tion of water causes the development of the red colour, due to 
the action of the base thus liberated on the phenolphthalein. The 
soap has therefore undergone hydrolytic dissociation, owing to the 
weak acidic character of the higher fatty acids. 

The soiling of the skin, clothing, etc., is usually due to sub- 
stances of a fatty nature. When a fat is agitated with an alkaline 
liquid, part of the fat is saponified, and dissolves. The greater 
portion, however, remains suspended in the form of minute drops, 
yielding a liquid of milky appearance called an emulsion. The 
alkali liberated from the soap has therefore both a saponifying and 
an emulsifying action on the substance to which the soiling is due. 

This being admitted, the use of soap in preference to free alkali 
for washing demands explanation. This is found in the fact that 
the use of soap prevents the presence of an excessive proportion of 
free alkali. The proportion of alkali liberated from soap is small 
with a small quantity of water, and large with a large quantity. 
Hence the addition of a large quantity of water does not greatly 
affect the concentration—the amount of free alkali in unit volume 
of liquid—since, although it produces much free alkali, it simul- 
taneously dilutes it. The use of soap has therefore the effect of 
automatically regulating the proportion of free alkali present in the 
water, keeping it small. There would be no such adjustment if 
free alkali were employed instead of soap: the latter possesses the 
further advantage of forming a lather, which takes up the dirt and 
thus facilitates its removal. 
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Water containing a certain percentage of calcium salts is called 
a “hard” water (‘Inorganic Chemistry,” 259). Such water 
does not immediately lather with soap, but causes the formation of 
a white, flocculent substance, consisting of insoluble calcium salts 
of the fatty acids. Hard water is therefore unsuitable for washing, 
because it prevents the formation of a lather, and also because the 
alkali is neutralized and thus withdrawn by the acid-radical of 
the calcium salts (sulphate and carbonate) present. 


Electrolytic Dissociation. 


93- Molecules of acids, bases, and salts are assumed to be re- 
solved, on solution in water, into ions, charged with opposite kinds 
of electricity (‘Inorganic Chemistry,” 65 and 66). In such a solu- 
tion, an acid is partially or completely dissociated into positively 
charged hydrogen ions, H* (cathions), and negatively charged 
anions: for example, acetic acid is resolved into H’ (positive), and 
(CoH302)’ (negative). Bases yield a positively charged metallic 
ion, and a negatively charged OH’-ion; salts a positively charged 
metallic ion, and a negatively charged acid-radical ion. 

It is further stated (Jbid., 66) that in the solution of a partly 
ionized substance there is an equilibrium which for a monobasic 
acid can be expressed by 

ZH = Z’ +H", 


where Z’ represents the acid-radical. If v is the volume in litres 
containing one gramme-molecule of the acid, and @ is the portion 


ionized, then the concentration of the ions is - and that of the 


non-ionized portion is The equation representing the equi- 


librium in the above example of a monobasic acid is, therefore 
(Ibid., 49), 
l-a /a\? ae 
k = pa OO 
v (=) phe v(1—a) i 


In this equation k& is constant, and is called the ionization-constant. 
It has been proved that this equation affords an exact measure of 
the amount of ionization for the very weak organic acids; that is, 
expresses accurately the connection between the dilution » and 
the ionization a. For this reason it is called the law of dilution. 
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It was discovered by OstwaLp, who dissolved one gramme-molecule 
of an acid in different quantities of water, v, and ascertained the 
ionizations a by determining the electric conductivity. On sub- 
stituting the values obtained for a and v respectively in the expres- 


s10n - , the latter was always found to have the same value, 


a 
(UL —=@2)) 
as it must if & is constant. 

The accuracy of this law is evident from the examples in the 


following table. 


Acetic Acid. Propionic Acid. n-Butyrie Acid. 

v 100a 104k v 100a 104k » 100a 104k 
8 1-193 | 0-180 8 1-016 | 0-130 8 1-068 | 0-144 
16 1-673 | 0-179 16 1-452 | 0-134 16 1-536 | 0-150 
32 2-380 | 0-182 32 2-050 } 0-134 32 2-165 | 0-149 
64 3-33 0-179 64 2-895 | 0-135 64 3-053 | 0-150 
128 4-68 0-179 128 4-04 0-133 128 4-292 | 0-150 
1024 |12-66 0-177 | 1024 /|10-79 0-128 | 1024 j|11-41 0-144 


94. The “‘strength”’ of acids depends upon their degree of 
ionization, strong acids undergoing considerable, and weak acids 
but slight, ionization. Since the constant k rises or falls in value 
simultaneously with a, and is independent of the concentration, 
it affords a convenient measure of the strength of an acid. 

The table shows the values of 104% for certain fatty acids. 

Formic Acetic Propionic n-Butyrie Valeric 
2-14, 0-18, 0-13, 0-15, 0-16. 
It is noteworthy that formic acid has a greater ionization-constant, 
and is therefore stronger, than its homologues, another example of 
the difference between it and the other members of the series. 

A comparison of these acids with such strong mineral acids as 
sulphuric acid and hydrochioric acid, from the point of view of the 
magnitude of their ionization-constants, shows that the former are 
very much weaker than the latter. When v=i6, then for hydro- 
chloric acid 100~@=95°55, and for acetic acid only 1-673. If is 
obvious that 100 @ is the amount ionized, expressed in percentage. 

The weak organic acids follow the law of dilution : the strong 
mineral acids do not. No perfectly satisfactory explanation of this 
phenomenon has been suggested hitherto. 


DERIVATIVES OF THE FATTY ACIDS OBTAINED BY 
MODIFYING THE CARBOXYL-GROUP. 


95. The carboxyl-group may be modified by the exchange of 
its oxygen atoms or hydroxyl-group for other elements or groups. 
The compounds described in this chapter contain such modified 
carboxyl-groups. 


I. Acid Chlorides. 


Acid chlorides are derived from acids by replacement of the 
hydroxyl-group by chlorine, and consequently contain the group 
—COCl. They are obtained from the acids by the action of the 
chlorides of phosphorus, PCl; and PCl3, or of phosphorus oxy- 
chloride, POCIs: 


3CpHon41:*COOH + 2PCls = 3C, Hen +1 -COCI+ P203+ 38HCl. 


The ease with which the acid chlorides are converted into the cor- 
responding acids is a proof that the chlorine atom has replaced 
the hydroxyl-group. For the lower members this conversion is 
effected by merely bringing them into contact with water. If the 
chlorine atom had substituted hydrogen of the alkyl-group, there 
would be no reaction, since an alky! chloride is not decomposed by 
water at ordinary temperatures. 

The acid chlorides of this series, at least the jower members, 
are liquid, and have a suffocating, irritating odour. The chloride 
corresponding to formic acid is not known. Acetyl chloride, 
CH;COCI, fumes in the air, and can be distilled without decom- 
position. It boils at 55°, and its specific gravity is 1-13 at 0°. 

Acetyl chloride is employed in detecting the presence of hy- 
droxyl in organic compounds. Hydroxyl] is replaced by acetyl: 
thus, alcohols form esters of acetic acid: 


R-OfH+CIOC-CH3 = RO-OC-CH3+ HCl. 
116 
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The compound to be tested is allowed to remain for some time in 
contact with acetyl chloride, either at the ordinary temperature or 
with gentle warming. To ascertain whether an acetyl-compound 
has been formed, the purified product is analyzed or saponified. 
If saponification vields acetic acid, an acetyl-derivative was present. 
The homologues of acety] chloride are also sometimes employed 
in the detection of hydroxyl-groups. 
The acid chlorides also react with the mercaptans, forming sub- 
stances of the type of acetyl-compounds. 


II. Acid Anhydrides. 


96. Acid anhydrides are formed by interaction of the alkali- 
metal salts of acids and acid chlorides: 
CH, -CO[CI+NalO-0C-CH, = 0<00-CHs; nac 
: - ? OC -CHa 


Acetic anhydride 


Higher anhydrides are best obtained by heating the sodium salts 
of the higher acids with acetic anhydride. 

The acid chlorides may be regarded as mixed anhydrides of 
hydrochloric acid and an acid, a view supported by their formation 
from these two acids by treatment with phosphorus pentoxide as a 
dehydrating agent. 

Mixed anhydrides of the fatty acids themselves exist, although 
when distilled they decompose into the anhydrides of the two acids. 


The lower members of this series are liquids, and have a dis- 
agreeable, suffocating odour. Acetic anhydride boils at 137°, and 
has a specific gravity of 1-073 at 20°. At ordinary temperatures 
it is soluble in about ten times its volume of water, the solution 
decomposing slowly with formation of acetic acid. In this respect 
it differs from acetyl chloride, which reacts momentarily and vig- 
orously with water, yielding acetic acid and hydrochloric acid. 
Like acetyl chloride it is used in testing for the presence of the 
hydroxyl-group. No anhydride of formic acid is known. 


Ill. Esters. 


97. Esters result from the interaction of acid chlorides, or 
anhydrides, and alcohols: 


CH3-CO(CI+H]002H; = CH3-COOC,H;+HCL. 
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They are also formed by direct treatment of the alcohol with the 
acid, although extremely slowly at ordinary temperatures: 


CH3-COOH + HOC2H; = CH3-COOC2H5+ H20. 


The velocity of the reaction is much increased by a rise of tem- 
perature. Esters are also obtained by the action of the silver salt 
of an acid upon an alkyl iodide. 

The following is a characteristic method frequently used for 
the preparation of these compounds. Dry hydrochloric-acid gas 
is passed through a mixture of absolute alcohol and the anhydrous 
organic acid. After some time the reaction-mixture is poured into 
water, whereupon the ester separates out, owing to its slight solu- 
bility. The formation of esters in this manner may be explained 
on the assumption that a very small quantity of the hydrochloric 
acid unites with the organic acid, water being eliminated, and a 
minute quantity of the acid chloride formed: 


CH;-COOH + HCl = CH;-COCI+H,0. 


It is true that for each molecule of acid chloride formed in accord- 
ance with this equation an equivalent quantity of water is pro- 
duced, sufficient to reconvert the chloride into the acid and hydro- 
chloric acid. There is, however, such an infinitely greater number 
of molecules of alcohol than of water with which the chloride can 
react, that the probability of the formation of an ester is very 
much greater than the probability of the regeneration of the acid. 
The preponderance continues so long as the proportion of alcohol 
present greatly exceeds that of the water formed; so that when 
the object is to obtain the maximum yield of ester, the organic acid 
should be dissolved in a Jarge excess of alcohol. The formation of 
esters is called esterification. 

The esters are colourless liquids of neutral reaction, and do not 
mix with water in all proportions. They are lighter than water, 
most of them having a specific gravity between 0-8 and 0.9, 
Many of them are characterized by their agreeable odour, resem- 
bling that of fruits, a property which finds practical application in 
their employment in the manufacture of artificial fruit-essences. 
For example. isoamyl isovalerate (B.P. 196°) has an odour of 
apples, ethyl butyrate (B.P. 121°) of pineapples, isoamyl acetate 
(B.P. 148°) of pears, and so on. 
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Tertiary alcohols can be synthesized from the esters by means 
of GriGNaRD’s alkyl magnesium halides (82): 


ep , = oy (Recieel 
1 CZ06,H,T® MgBr = R tks A 
Addition-product 
The addition-product thus obtained reacts with a second molecule 
of the alkyl magnesium halide. 


OMgBr /OMgBr 
R-CCOC.H, +R’MgBr = R-COR” +0, H,OMgBr. 
\R’ \R’ 
On decomposition with water the tertiary alcohol is formed: 
/ OMgBr OH 
R-CCR” +H,O = R-C-R” +MgBrOH. 
\R’ \R’ 


R, R’, and R” represent alkyl-groups 


98. The formation of esters has been carefully investigated by 
several chemists, first of whom were BerrHEeLor and PAN DE 
Sr. Gittes. Their researches have shown that the reaction 
between the acid and the alcohol is never complete, some of both 
remaining uncombined no matter how long the process has been 
carried on. With equivalent quantities of acetic acid and ethyl 
alcohol, for example, the final product is such that from each 
gramme-molecule of alcohol and acid used, only two-thirds of a 
gramme-molecule of an ester and of water are formed, while one- 
third of a gramme-molecule of the alcohol and of the acid respect- 
ively remain uncombined. The same limit is reached when equi- 
valent quantities of an ester and water are brought into contact. 
An equilibrium between the four substances, alcohol, acid, ester, 
and water, is ultimately reached, and is due to the reversibility of 
the reaction (‘Inorganic Chemistry,” 49). It may be represented 
as follows: 


C,H;-OH+CH3-CO-OH @CH;-CO-OC2H;+H;0. 


The equation of equilibrium deduced in /bid., 49 and 50, may 
be applied to the formation and decomposition of esters. It is 


k(p—x)(q—x) = k’z?, or (p—2x)(q—2) = Kz’, 
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where p is the initial concentration of the alcohol and g that of the 
acid, while 2 represents the quantities of water and of ester re- 
spectively present when the equilibrium is attained. All these are 
expressed in gramme-molecules, and K is a constant. There are 
here two opposing reactions taking place simultaneously, so that 
all the statements referred to above (loc. cit.) are applicable to the 
present instance. Given p, g, and K, the unknown quantity x 
can be calculated. 


Numerous observations have proved that K is equal to 0-25 for 
the system ethyl alcohol +acetic acid. When one gramme-molecule 
of alcohol (46 g.) and one gramme-molecule of acetic acid (60 g.) 
are brought into contact, both p and q are equal to 1, and the equa- 
tion is 

(l—2)? =0:2527, or a —g0-+4 =0; 
so that 
x= %, 
It follows that this system in equilibrium contains 4+ gramme-molecule 
alcohol +4 gramme-molecule acetic acid+% gramme-molecule water + 
% gramme-molecule ester. 


99. Several deductions can be drawn from the equation 
(p—x)(q—2x) = Kz’. 


These deductions had been established by experiment long before 
the development of the theory. 

1. The esterification is approximately quantitative only when 
either the acid or the alcohol is largely in excess. 

Putting the equation in the form 


ae ere gd 
x q-2x 


it is evident that when the quantity of alcohol (p) is infinitely 
great, the left-hand side=«. This is true of the right-hand side 
when q=2, that is, when all the acid has been converted into ester. 
It also holds when the ratio of the quantity of acid to alcohol is 
infinitely great, the whole of the alcohol changing into ester. 


Although these considerations indicate that esterification can be 
complete only in presence of an infinitely great excess of acid or 
alcohol, in practice the very nearly theoretical yield of ester is 
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obtained when the ratio of the quantity of acid to alcohol, or of 
alcohol to acid, is finite. As can be readily deduced from the equa- 
tion, this holds for the formation of ethyl acetate when one gramme- 
molecule of acid reacts with ten gramme-molecules of alcohol, or, 
inversely, when one gramme-molecule of alcohol reacts with ten 
gramme-molecules of acid. 


2. The alcohol and the acid exercise the same influence on the 
formation of esters: thus, if a mixture containing a certain num- 
ber of acid molecules is prepared and n times as many alcohol 
molecules, and another with the proportions of acid and alcohol 
reversed, then the number of molecules of acid converted into 
ester in the first mixture is equal to that of the molecules of alcohol 
converted in the second. 

When p gramme-molecules of alcohol are mixed with np 
gramme-molecules of acid, the equation becomes 


zy np—x 


(Ee a 


Inversely, when np gramme-molecules of alcohol are added to p 
gramme-molecules of acid, we have 


These two equations are identical. 

3. The addition of a quantity of the ester to the mixture of the 
alcohol and the acid at the beginning of the experiment has the 
same effect on the formation of ester as would be exerted by an 
equivalent quantity of water. 

When 7 gramme-molecules of water or of ester are added to a 
mixture containing p gramme-molecules of alcohol and q gramme- 
molecules of acid, then for both the equation becomes 


(p—x)(q—x) = Ka(x+r). 


It follows that the equilibrium is influenced to the same extent by 
the addition of equivalent quantities of water or of ester. 

100. A typical application of the principle of mobile equilibrium 
(‘Inorganic Chemistry,” 235) may be made to the formation of 
esters. Although the velocities of formation and decomposition of 
esters depend greatly upon the temperature, a change in the latter 
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has very small effect upon the equilibrium. At 10° the limit of 
esterification is 65-2 per cent.; at 220° it is 66-5 per cent. In ac- 
cordance with the principle of mobile equilibrium, this necessitates 
that the heat of formation of the ester should be very small. 
That it actually is so has been established by experiment. 

101. The conversion of an ester into an acid and an alcohol by 
a mineral acid or an alkali is called saponification, from analogy 
to the formation of soap from alkali and fat (g1). It is represented 
by an equation of the type 


CH3-COOC2H;+ H2,0 = CH3-COOH+C2H;0H. 


The action of the mineral acid is therefore catalytic. Its presence 
only accelerates the saponification: the same result would be 
attained without it, though the time required would be incompar- 
ably longer (88). If the concentration of the ester be C,, that of 
the water is C2, and x the quantity of ester saponified during the 
time ¢, then the velocity of saponification s-2 for each mo- 
ment can be represented by the equation for bimolecular reac- 
tions (‘Inorganic Chemistry,” 50): 
dx 

= a ~ hC1— 2) C2—-2) OMe ag lath <O (1) 
If the ester is dissolved in a very large proportion of water, the 
concentration Cz of the water is only very slightly altered by the 
saponification, so that it may be included in the constant. The 
equation is therefore simplified to that for a unimolecular reaction: 


dx 

dt oS ky (C; —2). ° . . . ° s ry (2) 
The saponification of esters by bases can be represented by an 

_equation of the type 


CH3-COOC2H; + NaOH = CH3-COONa+C2H;50H. 


It is a bimolecular reaction, and consequently equation (1) is 
applicable to it. 

The velocity of saponification of esters by acids depends largely 
upon the acid, being greater the stronger the acid used. It has been 
proved that the velocity of saponification depends upon the 
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extent of electrolytic dissociation of the acid employed. From 
this fact it may be concluded that the saponifying action is due 
to the hydrogen ion common to all acids. The velocity with bases 
is much greater than with acids; thus, for dilute (decinormal) solu- 
tions of caustic potash and hydrochloric acid, the ratio of the 
velocity-constants AK for the saponification of methyl acetate is 
1350:1. The velocity of saponification by bases also depends upon 
their electrolytic dissociation. Ammonium hydroxide, for example, 
being considerably less ionized than caustic potash or caustic soda, 
saponifies much more slowly than either of these bases. Saponifi- 
cation is therefore caused by the hydroxyl-ion common to all 
bases. 

The velocity of ester-saponification, being proportional to the 
concentration of the hydrogen ions or hydroxyl-ions, can be em- 
ployed in determining this concentration. By its aid, the degree 
of hydrolytic dissociation of potassium cyanide, carbonates of 
alkali-metals, and other salts can be ascertained, and also the 
hydrogen-ionization of acid salts, such as potassium hydrogen sul- 
phate, KHSO,. 

In the technical saponification of fats with slaked lime (91) a 
much smaller amount of this base is used than would be needed to 
neutralize all the acid obtained: the saponification is nevertheless 
complete. This is due to the fact that the higher fatty acids are 
very weak, so that their salts undergo partial hydrolytic dissocia- 
tion. Thus, notwithstanding the excess of acid, there is always 
enough of the free base (hydroxyl-ions) present to effect the saponi- 
fication. 


Esterification of Primary, Secondary, and Tertiary Alcohols. 


102. MENSCHUTKIN has investigated the proportions of ester 
formed when primary, secondary, and tertiary alcohols respectively 
are heated with an equivalent quantity of acetic acid in sealed tubes 
for one hour at 154°. He has shown that the percentage of ester 
formed is nearly the same from one member as from another of the 
same class, while the percentages differ widely for alcohols of differ- 
ent classes. Thus, about 47 per cent. of primary, about 22 per cent. of 
secondary, and only about 1:5 per cent. of tertiary alcohols are 
esterified. This difference affords a means of determining to which 
of the three classes a given alcohol belongs. 
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IV. Thio-acids, R-CO-SH. 


103. The thio-acids are obtained by the interaction of acid chlo- 
rides and potassium hydrogen sulphide, KSH, this method of forma- 
tion proving their constitution. They are liquids with a most dis- 
agreeable odour, and when heated with salts of heavy metals yield 
a fatty acid and the corresponding metallic sulphide. 


V. Acid Amides, C,Hoy,41-CON Ho. 


104. Acid amides are formed by the action of ammonia on acid 
chlorides or anhydrides, a circumstance which affords a proof of 
their constitution: 


CyHon41:CO[Cl+ HJNH2 = C, Ho, 41-CONH2+ HCl; 


C ley, 1° COS H|NHo» 
C 5H 00 CO > /O+HINE, = 2C,Hon41-CONH: + H20. 


Acid amides are also formed when the ammonium salts of the 
fatty acids are strongly heated, or when the sodium salts are dis- 
tilled with ammonium chloride, one molecule of water being elim- 
inated : 


CyHon 1 -CO[O|NHo[Ho] = CyHon 41-CONH: + H,0. 


When the nitriles are warmed with acids, two molecules of 
water are taken up, with formation of the corresponding acids (86). 
This reaction can be so modified—for example by dissolving the 
nitrile in concentrated sulphuric acid—that only one molecule of 
water is added, when amides are obtained: 


Ci Hon +1 -CN +H:20 — CHess4 -CONHg». 


The acid amides are therefore intermediate products in the con- 
version of nitriles into acids. Distillation with such a dehydrating 
agent as phosphorus pentoxide converts amides into nitriles by 
elimination of water, whereas boiling with dilute acids or alkalis 
produces the corresponding acids by addition of the elements of 
water. 

The acid amides are also formed by the action of ammonia 
upon esters: 


CH3-CO (OCH +H|NHe = CH3-CONH2+C2H;50H. 
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The acid amides are solid, crystalline compounds, with the 
exception of the liquid formamide, H-CONH»2. The lower members 
are soluble in water, and odourless when pure.  <Acetamide, 
CH3-CONHg, melts at 82°, and distils at 222°. Some specimens 
have a strong odour suggestive of the excrement of mice, due to 
slight traces of impurities. The remarkably high boiling-point of 
this substance is worthy of notice. 

The acid amides and the amines greatly differ in their behaviour. 
Unlike the bond between carbon and nitrogen in the amines, that 


in the —C< Ho StouP of the amides is readily severed by boiling 


with acids or alkalis. Further, the basic properties of ammonia are 
greatly weakened by the exchange of one of its hydrogen atoms 
for an acid-radical; and although salts of acid amides do exist, 
they are decomposed by water. Acetamide hydrochloride, 
CH3-CO-NH2-HCl, is such a substance: it is formed by passing dry 
hydrochloric-acid gas through an ethereal solution of acetamide. 
The acid amides even possess acidic properties: an aqueous solu- 
tion of acetamide dissolves mercuric oxide, forming a compound 
with the formula (CH3-CONH).2H¢e. 

The behaviour of the amides and amines towards nitrous acid 
is analogous, the corresponding acids and alcohols respectively 
being produced by exchange of NH» for OH (72). 


Amides can be converted into primary amines by a method 
described in 264. 


105. Some further derivatives, obtainable from the acids by 
substitution in the carboxy!-group, are described below. 


Amino-chlorides are produced by the action of phosphorus penta- 
chloride on the acid amides: 
R-CONH, + PCI, = R-CCl,-NH, + POC]. 


These compounds are only stable when one or both of the hydrogen ~ 
atoms of the amino-group, NH,, are replaced by alkyl-radicals. 
They yield imino-chlorides, R-CCl:NH, by the elimination of one 
molecule of HCl, the same compounds being formed by the addition 
of HCl to nitriles. 


Imino-ethers have the constitution RC2 yy , and may be re- 


garded as the product of the replacement of the doubly-linked oxy- 
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gen of the carboxyl-group by the imino-group, NH. They are ob- 
tained by combination of alcohols and nitriles under the influence 
of dry hydrochloric-acid gas: 


oN ier eee NET 
R-C2N+,, =R-C< op. 


The well-crystallized hydrochlorides of the imino-ethers are con- 
verted by treatment with ammonia into the hydrochlorides of the 
amidines: 


NH-HC), wis pce NH-na 
R-C Le OCH: +NH, = R-Cz NH, +C,H,-OH. 


The amidines are unstable in the free state, but are strongly mono- 
basic, and form stable salts. 

Amidoximes are addition-products of the nitriles and hydroxyl- 
amine, NH.OH: 


NOH 


R-CN + H,NOH = R-C< nq, : 


They yield salts with both acids and bases, and give a flocculent, 
muddy-brown or green precipitate when treated with an alkaline 
solution of a copper salt, a reaction which affords a characteristic 
test for them 

Acid hydrazides are produced by the action of hydrazine, 
HL.N—NH,, oo acid chlorides or esters, and therefore have the con- 
stitution R-CONH-NH,, Nitrous acid converts them into acid azides: 


R-CONH-NH,+ HNO, = R-CON,+2H,0. 


The acid azides are volatile, explosive substances, and some yield 
well-developed crystals. 


ALDEHYDES AND KETONES. 


106. Both the aldehydes and ketones have the general formula 
C,H2,0. They are produced by the oxidation of primary and 
secondary alcohols respectively. Both classes of alcohols have the 
general formula C,H2n420, so that each oxidation involves the 
elimination of two hydrogen atoms. 

On further oxidation, an aldehyde takes up one oxygen atom, 
forming the corresponding acid with the same number of carbon 
atoms; thus C,H:,,O is converted into C,H»2,O2. It follows that 
an aldehyde is an intermediate product in the oxidation of an 
alcohol to an acid (49): 


Cy Hon +20 ie C,H2,0 ar Cy H2,02. 


Primary alcohol Aldehyde Acid 


A primary alcohol has the constitutional formula C,H2,,1-CH20H, 
and on oxidation yields an acid C,Hz,,,-COOH. Since in this 
reaction the alkyl-group, C,yH»,j, 1s not altered, it must be 
present in the aldehyde. Hence, it follows that the two bydrogen 
atoms removed trom the alcohol by oxidation must belong to the 
group —CH,OH. 

Two structural formule are, therefore, possible, 


and R-C—OH. 


The improbability of the existence of free bonds or bivalent carbon 

atoms in compounds (17) constitutes a strong reason against the 

adoption of the second formula. Moreover, this formula points to 

the presence in an aldehyde of a hydroxyl-group: in reality, the 

aldehydes possess none of the properties peculiar to substances 

containing that group. For example, they do not form esters or 
127 
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ethers, and phosphorus pentachloride does not replace OH by Cl, 
but effects the exchange of the oxygen atom for two chlorine atoms. 

Since the second formula does not represent the properties of 
the aldehydes, it follows that the first is the correct one. This 
view is supported by the fact that aldehydes are formed when acid 
chlorides dissolved in moist ether react with sodium, the chlorine 
atom being replaced by a hydrogen atom: 

GH ye CH eee 
n-Butyryl chloride n-Butyraldehyde 

O 
H 

107. Ketones result from the removal by oxidation of two 
hydrogen atoms from secondary alcohols (106). Like the alde- 
hydes, ketones lack the properties peculiar to hydroxyl-compounds, 
a proof that one of the hydrogen atoms removed comes from the 
hydroxyl-group. Putting aside the possibility of the formation of 
free bonds, the second hydrogen atom eliminated must have been 
attached to the carbon atom linked to oxygen, or to another carbon 
atom. The two cases are represented below, R and R’ being 
alkyl-groups: 


The aldehydes therefore contain the growp —C< 


if Il. 
CHR CHR CHR CHR 
| | |>O 


| 

CHOH — CO or CHOH.— CH - 
| | | | 
CH,R’ CHR’ CH:R’~ SCHR’ 


For reasons analogous to those for aldehydes, formula I. is more 
probable than formula II. The products obtained by the oxida- 
tion of ketones indicate that formula I. represents the constitution 
of this class of compounds. 

The general formula for secondary alcohols is 


pas 
ee 
OH 
From such an alcohol two acids, R-CH2-COOH and R’-CH2-COOH, 
are obtained by strong oxidation, the carbon chain in some of the 
molecules being severed to the nght, and in others to the left, of 
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the CHOH-group. This reaction furnishes a means of identifying 
the alkyl-radicals attached to the group —CHOH— ina secondary 
alcohol. Since on oxidation ketones yield the same acids as the 
corresponding secondary alcohols, the alkyl-groups of the secondary 
alcohols must remain unchanged in the ketones. Hence, such a 
structure as that represented by formula II. is excluded, so that 
formula I. must be correct. 

Ketones therefore contain the carbonyl-group CO in union with 
two carbon atoms. 

Aldehydes may be looked upon as ketones with an alkyl-group 
replaced by hydrogen. 


Nomenclature. 


108, The name aldehyde is derived from al(cohol) dehyd(ro- 
genatus), that is, ‘‘dehydrogenated alcohol.” The word ketone 
has its origin in the name of the first member of the series, acetone, 
CH3-CO-CH3 (120). 

The aldehydes are named after the corresponding acids: /for- 
maldehyde, H-CHO; acetaldehyde, CH3-CHO; propionaldehyde, 
C2H;-CHO; valeraldehyde, CyHg-CHO; ete. 

The ketones derive their names from the alkyl-groups which 
they contain: dimethylketone, CH3-CO-CH3; methylpropylketone, 
CH3-CO-C3H7; etc. 


Methods of Formation. 


109. Several methods besides the oxidation of alcohols are 
applicable to the preparation of both aldehydes and ketones. 
1. Dry distillation of the salts of the fatty acids, calcium acetate 
yielding acetone: 
CH3-COlg=—. 1 
CH. ae aia 
The conversion of acetic acid and propionic acid into the cor- 
responding ketones is readily effected by passing the vaporized acids 
over aluminium oxide heated to a temperature above 400°. 
When an equivalent quantity of a formate is mixed with the 
salt of the other fatty acid, an aldehyde is produced by the dis- 
tillation: 


=CH3-CO-CH3+CaCOsz. 


HiICOONa 


Ea 


Be Cao NasCOs- 
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When a mixture of the salts of two different fatty acids, excluding 
formates, is distilled, mixed ketones are obtained: 


ee 
——! > | = CH3-CO-CoHs+ NagCOsz. 
C.H;- COONa Meu lech vice ee, 2 


Tn the last two reactions the product contains the corresponding 
simple ketones in addition to the aldehyde or mixed ketone, Thus, 
in the foregoing example dimethylketone and diethylketone are also 
formed. 

Given the structure of the fatty acids, the method of formation 
just described could be adduced as a proof of the constitution of the 
aldehydes and ketones, if it were not that the reaction only takes 
place at high temperatures, Since under such conditions organic 
compounds frequently undergo changes of structure, more especially 
at the moment of formation, such pyrogenetic reactions cannot be 
regarded as furnishing conclusive evidence of the constitution of a 
compound. 


2. Aldehydes or ketones can be obtained from compounds 
containing two halogen atoms linked to a single carbon atom, by 
heating them with water: 


CH, -CH[Gy +Ha)0 = CH3-CHO+2HCI. 


Ethylidene chloride 


3. When primary or secondary alcohols in the gaseous state are 
passed over finely-divided copper-dust, obtained by reduction of 
copper oxide, at 250°-400°, they yield hydrogen, and aldehydes or 
ketones respectively: 


CyHon41 -OH = Hy at C,H2,0. 


4, An important method for the preparation of ketones, but 
not of aldehydes, is the interaction of acid chlorides and zine alkides 
(82), and subsequent decomposition with water. An addition- 
product is first formed, its production being due to the transforma- 
tion of the double bond of the oxygen atom into a single one: 


OZnCH 
CuHon41*CX Gy +Zn< oy? = CoHlonga CCK, ; 
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When this addition-product is treated with water a ketone is 


formed: 
Pe Zn CH3 H|O 
C mblonad: oc ae = = C,Hon41-CO-CH3+ ZnO0+CH,+ 


Scere +H. 


110. Common to the aldehydes and ketones is the power of 
forming addition-products. This property is due to the double 
bond of the oxygen atom, the conversion of which into a single 
bond sets free a carbon linking and an oxygen linking, and thus 
enables the aldehydes and ketones to form addition-products with 
the following elements and compounds. 

1. Hydrogen.—An addition-product is produced by the action of 
sodium-amalgam on an aqueous solution of an aldehyde or ketone; 
or by passing the vapour of the aldehyde or ketone mixed with 
hydrogen over heated, finely-divided nickel. Primary alcohols are 
formed from aldehydes, and secondary from ketones. 

2. Sodium hydrogen sulphite—When aldehydes or ketones are 
agitated with a very concentrated aqueous solution of this com- 
pound, a crystalline addition-product is obtained: 

O JOH 
C2H5-C <5; + NaHSOs = Seneca ai 


This constitution is assigned to these compounds because of their 
ready conversion by the action of dilute acids or sodium-carbonate 
solution into the corresponding aldehydes or ketones, mere solution 
in water effecting this decomposition for the higher members. For 
this reason, it is highly improbable that there is a direct bond 
between sulphur and carbon (67). The primary sulphite com- 
pounds—sometimes incorrectly called ‘“ bisulphite’’ compounds— 
dissolve readily in water, but are insoluble in very concentrated 
solutions of the acid sulphite itself. 

Ali ketones do not yield these addition-products. They are most 
readily obtained from those containing one methyl-group directly 
linked to carbonyl, or methylketones. 

The use of primary sulphite is often exceedingly serviceable 
for the purification of aldehydes or ketones, or for separating them 
from reaction-mixtures. 
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3. Hydrocyanic acid.—When an aldehyde or ketone is brought 
into contact with an aqueous solution of hydrocyanic acid, com- 
bination takes place: 


CH, _ CH; OH 
C,H, > CO+HON = Gf >C< Gy. 


This is an important synthesis, because the cyanohydrins or 
hydroxy-nitriles thus formed can be converted into hydroxy-acids 
by hydrolysis, a reaction affording a means of synthesizing such 
compounds (182, 9). 

111. With GriGNARD’s alkyl magnesium halides (82), alde- 
hydes and ketones form addition-products, and on treatment with 
water these yield respectively secondary and tertiary alcohols: 


H 
aieeesy We 
R-CO +R’-Mg-I = R-COO-Mg-I, 
Aldehyde Addition-product 
H 
2R-CO-Mg-I+2H,0 = 2R-CHOH-R’+Mel2+Me(OH)o; 
R’ Secondary alcohol 
CH; its By CHa ae Oe Meer 
CH, > CO+CHs ¢-Br= CH, >°< CH, , 
Acetone Addition-product 


eee ae “Br. 911,0=2(CHs);C-OH +MgBro+Mg(OH)>. 


Trimethylearbinol 


112. Other reactions common to aldehydes and ketones depend 
upon exchange of the doubly-linked oxygen atom for other atoms 
or groups. 

1. Phosphorus pentachloride replaces the oxygen atom by two 
chlorine atoms. 

2. Hydroxylamine reacts in accordance with the equation 


CH; ot Ss ae CHa 
CH. > CO+HsNOH = Gy2>C:NOH-+H,0. 


Oximes are thus produced, and are called aldoximes when derived 
from aldehydes, and ketoximes when derived from ketones. This 
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reaction is of very general application. The oximes are either 
crystalline compounds, or liquids, and possess both acidic and 
basic properties. When they are treated with bases, the hydrogen 
of the hydroxyl-group is replaced by a metal; with acids, addition- 
products are formed, the reaction being similar to the production 
of ammonium salts: 

(CH3)2C—=NOH.- HCl. 


Acetoxime hydrochloride 

On boiling with dilute hydrochloric acid, the oximes take up 
one molecule of water, yielding hydroxylamine, and cither an alde- 
hyde or a ketone. 

The constitution of the oximes is discussed in 257. 
Energetic reduction converts the oximes into amines: 
R2C—=NOH+4H = R2CNH2+ HO. 
‘ H 
The aldoximes are readily transformed into the corresponding 


nitriles by the action of dehydrating agents, such as acetic anhy- 
dride: 


OAs Dew -C=N|OH st CyaHon +1 sC=N, 


| Hf 


Ketoximes undergo a remarkable rearrangement of the atoms in 
the molecule or intramolecular transformation, called after its dis- 
coverer the ‘‘BeckmMaNNn transformation.” It takes place, for 
example, under the influence of acetyl chloride. The ketoximes thus 
yield acid amides, with substituents in union with the nitrogen atom. 


R-C-R’ 
|| . — R-CO-NHR’. 
NOH 

Oxime Amide 


Watracu regards this reaction as resulting from the formation 
of a closed chain of three atoms by union at one point, followed 
by the opening of the ring at another point. The formation of 
methylacetamide from acetoxime is represented by the scheme 


CH,-C—CH, CH,-C—CH, 
280 +80 = 
NOH N 
Acetoxime Closing of ring 
CH;- C. OH CH: CHE. CO 
= | = | 
Z NHCH; 


Opening of ring Change of H-atom 
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The behaviour of aldehydes and ketones with phenylhydrazine, 
CeH;NH-NHe2 (344), is exactly analogous to that with hydroxyl- 
amine: 


a >C\O+ Hea|N-NH-CeHs = R/ > C=N-NH- Ogle +120. 


Phenylhydrazine Phenylhydrazone 


The substances formed, called hydrazones, are either weil-defined 
crystalline compounds, or liquids. When heated with hydrochloric 
acid, they take up the elements of water, forming phenylhydrazine 
and the corresponding aldehyde or ketone. Phenylhydrazine and 
hydroxylamine are important reagents for detecting the presence 
of the carbonyl-group. 


The constitution of the phenylhydrazones is thus established. 
Derivatives of phenylhydrazine obtained by replacement of the 
hydrogen of the imino-group, —NH, by an alkyl-group, react 
with aldehydes and ketones similarly to phenylhydrazine itself, so 

NH A oe c 
that the structure RC< 5 CH isexcluded. This is rendered even 
*Upits 
more evident by the fact that only phenylhydrazines containing 
an unsubstituted amino-group can form hydrazones. 


ALDEHYDES. 


113. In addition to the properties common to both aldehydes 
and ketones (110 to 112), aldehydes have their own special pro- 
perties. 

1. Aldehydeammonia.—Acetaldehydeammonia is produced from 
ammonia and acetaldehyde: 


C.H,O0+NH3 = C.H,ONH3. 


Acetaldehyde Acetaldehydeammonia 


It is precipitated in the form of white crystals when dry ammonia- 
gas is passed into a solution of acetaldehyde in anhydrous ether, 
and is very soluble in water. Acids decompose the aldehyde- 
ammonias into an aldehyde and ammonia; caustic potash is unable 
to effect this decomposition. 
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At ordinary temperatures the molecular formula of acetaldehyde- 
ammonia is three times its empirical formula. When dried over 
sulphuric acid, it loses water and is converted into (CH;-CHNH),, 
(114) a polymeride of ethylidene-imine. 


2. Acetals—An aldehyde combines with two molecules of an 
alcohol, with elimination of water, and production of an acetal: 


H H/OC2H5 OC2Hs5 
CH3 7% .r HIOCoH; = CH3-CH< OCH; +H20. 


Acetals are readily obtained by addition of the aldehyde to a one 
per cent. solution of anhydrous hydrochloric acid in the alcohol. 
The reaction is not complete; it is limited by the reverse one, since 
water acts on acetal, regenerating aldehyde and alcohol. Both the 
formation and decomposition of acetal are considerably accelerated 
by the presence of a small quantity of a strong mineral acid, which 
acts as a powerful catalyst, The acetals are liquids of aromatic 
odour, and distil without decomposition. They are not attacked 
by alkalis, but are resolved by acids into the compounds from which 
they were produced, a fact which supports the view expressed in 
the above structural formula, that the alkyl-groups and the alde- 
hyde-residue are indirectly united by oxygen, the stability of a 
carbon chain being sufficient to resist the action of such reagents. 

3. Reaction with acid anhydrides.—Addition-products are ob- 
tained with acid anhydrides: 

CH-C§ +0(COCHs)2 = CHs-CH< Gog cH 


Acetic anhydride 


These compounds are analogous to the acetals. They are easily 
decomposed by water, and still more readily by alkalis, into the 
corresponding acid and aldehyde. 

114. Two kinds of addition-products are also formed by the 
union of aldehyde molecules with one another. When a few 
drops of concentrated sulphuric acid are added to acetaldehyde, 
a liquid boiling at 22°, the mixture becomes warm, and then 
begins to boil violently. At the end of the reaction a colourless 
liquid is obtained, similar to the original one, but boiling about 
100° higher, at 124°. The empirical formula of this compound is the 
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same as that of acetaldehyde, C2H,O, but its vapour-density is 
three times as great, so that it has the molecular formula CgH203. 
This substance, paracetaldehyde, is readily converted into acetal- 
dehyde by distillation with dilute sulphuric acid, another example 
of a reaction limited by the reverse one: 


Ce H1203223C2H40. 


The equilibrium reached must be independent of the nature of the 
acid, that is, of the catalyst (‘‘ Inorganic Chemistry,” 49), as has 
been proved for this reaction by experiment. The same equilib- 
rium must be attained without the aid of any catalyst, but the 
change proceeds so slowly that no experimental procf has yet been 
possible. A direct union between the carbon atoms of the three 
aldehyde molecules in paracetaldehyde is improbable, and the 
existence of an indirect linking through the oxygen atoms must be 
assumed, beceuse it accounts for the ease with which the molecule 
of paracetaldehyde can be resolved. The compound is not attacked 
by sodium, and therefore cannot contain hydroxyl-groups. It 
lacks all the characteristics of aldehydes, proving the absence of 


the group Oe These properties are best expressed by the 


constitutional formula 


Hy CH 
CH; -C C-CHs 


The union of two or more molecules of a substance to form 
a body from which the original compound can be regenerated is 
called polymerization. 

115. Under the influence of dilute alkali-solutions aldehyde 
molecules combine with production of compounds of a different 
kind. When an aqueous solution of acetaldehyde is warmed with 
concentrated cayistic potash, the liquid becomes yellow; after a 
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short time, reddish-yellow, amorphous masses are precipitated. 
The aldehyde has resinified, and the reddish-yellow substance 
formed is called aldehyde-resin. When, however, dilute caustic 
potash (or sodium acetate, zinc chloride, ete.) is added to acetalde- 
hyde, a substance is formed having the same empirical composition 
as acetaldehyde, but with double the molecular formula, CyHgOs. 
This compound is called aldol: it is a liquid, distilling without de- 
composition under diminished pressure, and readily undergoing poly- 
merization. It possesses the properties characteristic of aldehydes, 
yielding on oxidation, for example, an acid with the same number 
of carbon atoms. The acid thus obtained has the formula CyHsOs, 
and is a n-hydroxybutyric acid; that is, n-butyric acid with one 
H-atom of the alkyl-group replaced by hydroxyl. It can be con- 
verted into n-butyric acid, with a chain of four carbon atoms, 
proving the presence of a similar chain in aldol. Hence, in this 
case, the union of the aldehyde molecules has been effected 
through the carbon bonds, a view supported by the fact that aldol 
cannot be reconverted into aldehyde. The combination of the 
aldehyde molecules to form aldol may be represented by the equa- 


tion 


CH3-C HCH:-C, = CH 5 2° 
gs cag Otani ‘Now 0 “6 


Aldol 


This constitutional formula expresses the properties of aldol. 


Instead of explaining the formation of aldol by assuming the 
combination of one of the hydrogen atoms of one aldehyde molecule 
with the oxygen atom of another to form hydroxyl, it might be 
supposed that an aldehyde molecule unites with a molecule of water, 
the addition-product formed reacting with a second molecule of 
aldehyde with elimination of water: 


H 
H OH 
CH,- -Co +H.0 = CH,: ‘C<on3 
H 
<OH H 
CH,-C< OH 
|OH+HI|CH, -CHO = CH;- C <u, .cHo + #0. 


Aldol 
7 


138 ORGANIC CHEMISTRY. [$$ 116, 117 


Reactions are often explained by assuming the formation of such 
addition-products and the subsequent elimination of water. In a 
few instances this view has been experimentally verified. 


Aldol is both an alcohol and an aldehyde, hence its name, 
ald(ehyde-aleoh)ol. The union of molecules through carbon bonds, 
as in the formation of aldol, with the production of compounds 
from which the original substance cannot be regenerated by any 
simple method, is called condensation. 


It is probable that aldehyde-resin is a product resulting from 
continued condensation of the aldol molecules with elimination of 
water, just as aldol itself readily loses one molecule of water when 
heated, with formation of crotonaldehyde (148): 

CH,-CHOH.-cH,-c# —H,0 = cH,-cH:cH-cH, 
Aldol O O 


Crotonaldehyde 


Tests for Aldehydes. 


116. The following tests serve for the detection of aldehydes. 

1. Resinification with alkalis. 

2. Reduction of an ammoniacal silver solution. This solution 
is prepared by adding excess of caustic potash to a solution of 
silver nitrate, and then just sufficient ammonia to dissolve the 
precipitated silver oxide. When this liquid is brought into a 
dilute aqueous solution of an aldehyde, and the mixture warmed, 
a beautiful mirror of metallic silver is deposited on the sides of 
the tube. 

3. When an aldehyde is added to a solution of magenta 
decolorized by sulphurous acid—Scuirr’s reagent—the red cclour 
is restored. 


Formaldehyde, H-C < a 

117. Formic acid, the first member of the homologous series of 
fatty acids, has certain properties not possessed by the higher 
members (88). Formaldehyde affords another striking example of 
this phenomenon of disparity between the first and succeeding 
members in a homologous series. 


« 
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It is obtained by the oxidation of methyl alechol, effected by 
passing a mixture of air and methyl-aleohol vapour over a hot 
spiral of platinum or copper. The heat produced by the reaction 
is sufficient to raise the temperature of the spiral to redness, and 
to maintain it at that point, provided the stream of gas is passed 
over it with sufficient velocity. The formaldehyde produced is 
absorbed by water, in which it dissolves readily. 

This aldehyde is a product of the incomplete combustion of 
wood, peat, and many other organic substances. This fact 
explains its presence in traces in the atmosphere, especially in 
that of large towns. 

Formaldehyde has a very pungent odour. At ordinary tem- 
peratures it is gaseous, but when cooled with solid carbon dioxide 
and ether, it forms a liquid boiling at —20°. Even at this tem- 
perature polymerization begins, and at higher temperatures it 
proceeds with explosive energy. When the aqueous solution is 
evaporated, paraformaldehyde, a crystalline polymeride of unknown 
molecular weight, is produced. It melts at 63°. On concentrat- 
ing asolution of formaldehyde with strong sulphuric acid, only 
part of the formaldehyde is evolved as gas; the rest polymerizes, 
and remains as a white, crystalline mass, a mixture of a-, @-, and 
y-polyoxymethylene. The molecular weights of these polymerides 
are not known: on heating, they are reconverted into formalde- 
hyde, proving them true polymerides. Prolonged heating of the 
y-variety with water yields another polymeride, 0-polyoxymethylene. 
On treatment with ammonia at the ordinary temperature, formal- 
dehyde does not yield an aldehydeammonia, but a complicated 
compound, CgHi2N4, hexa methylenetetramine, (CH2)6N4, a erys- 
talline, basic substance. At 120°-160° and increased pressure, 
methylamines are formed: 


2NH3+9CH20 = 2N (CH3)3 +38002+ 3H20. 


When treated with caustic potash, formaldehyde does 
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not resinify, but is converted into methyl alcohol and formic 
acid: 


2CH,0+H,O = CH30H+ HCOOH. 


The oxime of formaldehyde also polymerizes readily. For- 
maldehyde and its derivatives display a much greater tendency 
towards polymerization than the other aldehydes and their deriva- 
tives, and differ from them in their behaviour with ammonia and 
with caustic potash. 

An aqueous solution containing 40 per cent. of formaldehyde 
is a commercial product, and is called ‘‘formalin.” After dilution, 
it is employed as a disinfectant, and in the preservation of ana- 
tomical specimens. It possesses the remarkable property of con- 
verting protein substances into a hard, elastic mass, quite insol- 
uble in water. The contents of a hen’s egg, for example, undergo 
this transformation through contact with formalin for half-an- 
hour; brain-substance attains the consistency of india-rubber; 
and a solution of gelatin is converted into a hard, transparent, in- 
soluble, odourless mass, reducible to a fine powder. Before 
development, photographic films with a basis of gelatin are 
immersed in a dilute solution of formaldehyde for a short time 
to render the gelatin insoluble. 


The concentration of a formalin solution is determined by adding 
excess of a solution of twice normal sodium hydroxide, and then 
hydrogen peroxide, the formaldehyde being converted completely 
into formic acid. The excess of alkali is estimated by titration, and 
from the result the amount of formaldehyde can be calculated, 
since one molecule of the aldehyde yields one molecule of the acid. 


Acetaldehyde, CH;-C.<f. 

118. Acetaldehyde is the typical aldehyde of this series, since 
it has all the properties characteristic of aldehydes as a class. It 
is obtained by the oxidation of ethyl aleohol by means of potassium 
dichromate and sulphuric acid, and is a liquid with a disagreeable 
odour, at least in the dilute state: it boils at 22°, and solidifies at 
—120-6°. It readily polymerizes to paracetaldehyde, CgH1203 
(114). 
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Acetaldehyde is only partially converted into paracetaldehyde 
by dilute sulphuric acid, an equilibrium being attained: 


3C,H,O@C.H 1,03. 


Although this equilibrium would also result in absence of the cata- 
lyst—sulphuric acid,—it has been proved by experiment that at 
temperatures below 130° the transformation is then so slow as to 
produce no appreciable change in the relative proportion of acetal- 
dehyde and its polymeride in a mixture, even after the lapse of a 
long period of time. Acetaldehyde and paracetaldehyde can be 
readily obtained from such a mixture, there being a. difference of 
about 100° between their boiling-points. 

The relationship between acetaldehyde and paracetaldehyde is 
graphically represented in Fig. 31, in which the curve FHG@ gives 


0 ae, Molecular Percentage 100 
Acetaldehyde Paracetaldehyde 


Fig. 31.— RELATIONSHIP BETWEEN ACETALDEHYDE AND PARACETALDEHYDE. 


the boiling-points of mixtures of the two substances in varying pro- 
portion. It is plotted by heating to their boiling-points mixtures 
of the two isomerides, in known proportion, under a reflux-con- 
denser, and noting the temperature. Thus, the point H represents 
a mixture containing 53-5 per cent. of paracetaldehyde, and boiling 
at 41°. 

The composition of the vapour—that is, of the first portion of 
the distillate—yielded by the mixture of the two substances is 
given by the curve F/G. It should be noted that the quantity 
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distilled is small relative to that of the residual mixture, so that 
the composition of the latter undergoes no appreciable alteration. 
To ascertain the composition of a mixture boiling at 80°, and of the 
corresponding vapour, it is only necessary to draw a horizontal line 
through the point 80° on the ordinate. The point of intersection 
of this line and the curve FHG gives the composition of the mixture, 
and its intersection with /’/G that of its vapour. 

The curve DEB forms part of the cryoscopic curve of paracetal- 
dehyde, when mixed with increasing quantities of acetaldehyde. In 
accordance with the rule, the freezing-point of the pure substance— 
paracetaldehyde—is lowered by admixture with a foreign substance 
—acetaldehyde. 

These statements hold for mixtures of the two substances in 
absence of a catalyst. When this is present, the conditions are 
wholly different. At any given temperature a mixture of definite 
composition is speedily formed, both when one of the pure sub- 
stances and the catalyst alone were present, and when an arbitrary 
mixture of the two substances in presence of the catalyst consti- 
tuted the starting-point. There is, therefore, a definite equilibrium 
corresponding with each temperature, the equilibriums being graph- 
ically represented by the curve KHE. At 41-7° it intersects the 
boiling-point curve at the point H, indicating that when a mixture 
of the two substances in arbitrary proportions is heated with a 
catalyst, its boiling-point changes until it finally boils constantly 

«at 41-7°. The mixture boiling at this temperature contains 53-5 
per cent. of paracetaldehyde, and 46-5 per cent. of acetaldehyde. 
The resulting vapour, however, contains 97-5 per cent. of acetalde- 
hyde, as is indicated by the intersection of the horizontal line with 
the curve //G at the point J. This explains the long-established 
fact that almost pure acetaldehyde is obtained by distilling paracet- 
aldehyde with a small quanity of sulphuric acid. 

The equilibrium-curve intersects the cryoscopic curve at E, this 
point corresponding with the temperature 6-8°, and 88-1 per cent. of 
paracetaldehyde. It follows that a mixture in any proportion 
should freeze in presence of a catalyst at 6-8°, with separation of 
pure paracetaldehyde, and that either of the two pure substances 
must behave similarly on addition of a trace of sulphuric acid. 
Another polymeride of acetaldehyde is called metacetaldehyde: it 

is a crystalline product, its polymeric character being inferred from 
its reconversion into acetaldehyde by heat. It begins to sublime 
at 150°. Like paracetaldehyde, it docs not answer to the ordinary 
aldehyde-tests; thus, it is not resinified by alkalis. Metacetalde- 
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hyde has probably a higher molecular weight than paracetalde- 
hyde. The direct transformation of one into the other is not 
feasible. 

KETONES. 

119. The properties characteristic of the ketones are described 
in 110 to 112. The first member of the homologous series cannot 
contain less than three carbon atoms. 

Ketones have the general formula R-CO-R’, and are always 
divided at the carbonyl-group by oxidation (107); that is, oxidar 
tion occurs at that part of the molecule already containing oxygen 
(49). The decomposition can, however, take place in two different 


ways: 
R-|CO-R’ or R-CO-|R’. 
I II 


Thus, methylnonylketone, CH3-|CO-|CoHy9, can yield formic 
r II 


acid, CHO, and ecapric acid, CypH29O02; or acetic acid, C2H4Oo, 
and pelargonic acid, CoH,gO2; the decomposition taking place at 
the points indicated by the lines I. and II. respectively. The oxida- 
tion is such that the decomposition takes place at both points 
simultaneously, so that four acids are obtained. Two of them may 
be identical; for example, the oxidation of methylethylketone, 
CH3-CO-CoHs5, produces acetic acid and acetic acid by decom- 
position at point I1., and formic acid and propionic acid by decom- 
position at I. Usually the reaction which leaves the carbonyl in 
union with the smallest alkyl-residue predominates. Oxidation 
therefore affords a means of determining the position of the car- 
bonyl-group in the ketone molecule. 

The ketones are further distinguished from the aldehydes 
by their behaviour towards ammonia: this reaction has been care- 
fully investigated for acetone, the first member of the series. By 
elimination of water it yields complicated substances, such as 
diacetoneamine, CgHi3NO or (2C3Hg¢0+NH3—H20),  triacetone- 
amine, CgH17NO or (3C3HgO + NH3—2H20), and so on. 

The ketones do not yield polymerides, but are capable of form- 
ing condensation-products. 


Acetone, CH3-CO-CHs3. 


120. Acetone is prepared on the manufacturing scale from 
crude wood-spirit (46), and by the dry distillation of calcium ace- 
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tate. It is present in very small quantities in normal urine, but 
in much greater proportion in pathological cases, such as diabetes 
mellitus and acetonuria. It is a liquid of peculiar, peppermint-like 
odour, boils at 563°, solidifies at —94-9°, and has a specific gravity 
of 0-812 at 0°. It is an excellent solvent for many organic com- 
pounds, and is miscible in all proportions with water. It is con- 
verted by reduction into cdsopropyl alcohol (156), and yields a 
crystalline oxime melting at 69°. 


Sulphonal, an important soporific, is prepared from acetone. In 
presence of hydrochloric acid, acetone unites with ethylmercaptan 
with elimination of water: 


(CH;),CO +2HS -C,H, = (CH3).C(SC,H;). ar H,0. 


Dimethyldiethyl- 
mercaptole 


Oxidation with potassium permanganate converts the two sulphur 
atoms of this compound into SO,-groups, forming diethylsulphonedi- 
methylmethane, (CH;),C(SO.C.H;,)., or sulphonal. It crystallizes in 
colourless prisms, soluble with difficulty in cold water, and melting 
at 126°. 


Thioaldehydes and Thioketones. 


121. In the thioaldehydes and thioketones sulphur has replaced 
oxygen. Thioacetaldehyde is not known, but its polymeride. 
irithvoacetaldehyde, C,H,,S;, 1s obtained by passing sulphuretted 
hydrogen through a mixture of acetaldehyde and hydrochloric acid, 
Oxidation converts it into a trisulphone (67), each sulphur atom 
being oxidized to an SO,-group. 

Although acetone itself does not polymerize, replacement of its 
oxygen atom by a sulphur atom confers this property on it in a 
high degree. The polymerization of thioacetone can be effected by 
the methods employed for aldehydes. Three molecules become 
united, forming trithzoacetone, C,H,38s3. 


UNSATURATED HYDROCARBONS. 


I, ALKYLENES OR OLEFINES, CpHon. 


Methods of Formation. 


122. 1. The olefines are formed in the dry distillation of com~ 
plicated carbon compounds, a fact which accounts for their pres- 
ence to the extent of 4-5 per cent. in coal-gas. 

2. By elimination of the elements of water from the alcohols 
Ci Hen420: 


Ci, Ol 0,2. | HL. 


This can sometimes be effected by heat alone, as with tertiary 
alcohols, but it is usually necessary to warm the alcohol with a 
dehydrating agent, such as concentrated sulphuric acid (60 and 
125) or zine chloride. Water is more readily eliminated from the 
secondary and tertiary alcohols than from the corresponding pri- 
mary compounds. 

3. By abstraction of hydrogen halide from alkyl halides, effected 
by heating with alcoholic potash, a solution of caustic potash in 
alcohol: 


CnrHony11+ KOC2H5 = CypHen+ KI+C2H50H. 
An ether is also formed (61): 
CyHen411+ KOC2Hs = C,Hon,10C2H5+ KI. 


With alkyl iodides the reaction chiefly follows the first equation, 
the secondary and tertiary iodides being specially adapted for the 


production of unsaturated hydrocarbons. 
145 
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Name. Formula. Ss a e Name. Formula. poee. 
Ethylene. ... C.H, —103° || Heptylene .. (Asi, 98° 
Propylene... C3H, —180° || Octylene.... CyHi6 124° 
n-Butylene. . C,H, — 5° || Nonylene. .. CHa. 153° 
n-Amylene.. . C,H, 35° || Decylene.... Cys 2 

Cris 195° 


Hexylene. ... C,H 68° || Undecylene. 


The names of the members of this series are derived from those 
of the saturated hydrocarbons by altering the termination ‘‘ane ” 
to ‘‘ylene.”” These compounds are denoted by the general name 
alkylenes or olefines. 

To indicate the position of the double bond in the molecule, 
the alkylenes are sometimes regarded as substituted ethylenes: 
thus, CH3-CH:CH-CH3 is called symmetrical dimethylethylenc; 
and (CH3)2C:CHe, unsymmetrical dimethylethylene. 


Properties. 


123. The lowest. members of this homologous series are gases, 
and are slightly soluble in water: the higher members are liquids 
or solids, insoluble in water, but soluble in alcohol and ether. At 
their melting-points the specific gravities of the lower members 
are about 0-63, rising with increase in the number of carbon atoms 
to about 0-79. 

Their most important chemical property is the power of form- 
ing addition-products, and on account of it they are said to be 
unsaturated. Addition-products are very readily obtained by the 
action of the halogens, especially bromine, on the olefines and 
other substances containing a double bond, the presence of which 
can be detected by the decolorization of bromine-water. Another 
test for the presence of a double bond, suggested by von Baryer, 
is carried out by agitating the substance with a dilute solution of 
potassium permanganate and sodium carbonate. Owing to the 
reducing action of compounds containing a double carbon bond, 
the violet cclour of the permanganate quickly disappears, with 
formation of a brown-red, flocculent precipitate of hydrated man- 
ganese dioxide. Compounds of other classes, such as aldehydes, 
react similarly with potassium permanganate, so that the test can 
only be applied in their absence to hydrocarbons, unsaturated acids, 
and a few other substances. 
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The hydrogen halides react by addition with the olefines to 
form the alkyl halides, hydriodic acid combining very readily. 

Concentrated sulphuric acid yields the alkylsulphuric acids by 
addition: it is sometimes necessary to employ the fuming acid. 
The addition of sulphuric acid, like that of the hydrogen halides, 
results in the union of the acid-residue with the unsaturated carbon 
atom linked to the smallest amount of hydrogen. For example, 


isobutylene, ee >C:CHg, treated with sulphuric or hydriodie acid 
yields 
ues (SCHa = vort cus 


CHs CHs = mien 
OSO3H I 


This reaction may be otherwise expressed by stating that there 
is a tendency for the number of methyl-groups to increase in such 
addition-reactions. 

Hypochlorous acid, Cl-OH, can also form addition-products 
which are chloro-alcohols: 


CH,=—CH2+Cl-OH = CH2Cl-CH2OH. 


Ethylene Glycolchlorohydrin 


124. Olefines can form condensation-products, butylene and the 
amylenes yielding them on treatment with moderately dilute sul- 
phuric acid, although ethylene cannot be similarly condensed. The 
condensation may be explained by assuming that an addition- 
product with sulphuric acid, or alkylsulphuric acid, is first formed, 
and then reacts with a second molecule of the olefine: 


(CHz)2C—CHs3 
a 
OSOsH +H) HC: C(CHs), 
(CH3)2C—CH3 
= | 
HC=C(CHs)s. 


The simplest member of this series, CH, methylene, has not 
been obtained. Various attempts have been made to prepare it: 
for instance, by the elimination of HCl from methyl chloride. 
Such experiments have always resulted in the formation, not of 
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methylene, but of ethylene, two CHe-groups uniting to form a 
single molecule. 
Ethylene, CoH4. 


125. Ethylene is a gas, and is usually prepared by heating a 
mixture of ethyl alcohol and sulphuric acid. Ethylsulphuriec acid 
is first formed (60), and on further heating decomposes into ethyl- 
ene and sulphuric acid: 


CoHsSO4H = CoH4+ H2SOxg. 


In the preparation of ether (62) the temperature is maintained 
below a certain limit, and fresh alcohol is continually added, 
but in this reaction a higher temperature is employed, and 
no alcohol is added. At the temperature of the reaction, 
sulphur dioxide and carbon dioxide are produced, but can be 
removed from the ethylene by passing it through dilute alkali. 
A purer product is obtained by passing the vapour of ethyl] alcohol 
over clay balls heated at 300°-400°, water and ethylene being 
formed. When passed over aluminium oxide at 400°, ether-vapour 
also gives a good yield of water and ethylene 

Ethylene can also be prepared from ethylene bromide, C2H4Bro, 
by removal of its two bromine atoms, which is effected by bringing 
it into contact with a copper-zine couple. 

Ethylene possesses a peculiar, sweetish odour, and burns with 
a luminous flame. It is slightly soluble in water and in alcohol. 
When passed into bromine it is quickly converted into ethylene 
bromide, CoH4Brg (154). It is readily absorbed by concentrated 
sulphuric acid at 170°, with formation of ethylsulphurie acid. 
SabaTIeR found that a mixture of hydrogen and ethylene is 
changed completely into ethane when passed over finely-divided 
nickel at temperatures of less than 300° (29). 


Amylenes, C5Hyo. 


126. A mixture of isomeric amylenes and pentane is technically 
prepared by heating fusel-oil (47) with zinc chloride. 

The isomeric amylenes can be separated by two methods, also 
applicable in other similar cases. One is based on the solu- 
bility at a low temperature of some of the isomerides in a mixture 
of equal volumes of water and concentrated sulphuric acid, with 
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formation of amylsulphuric acids; the other isomerides are insol- 
uble. This treatment, however, converts part of the amylenes into 
condensation-products, called diamylene and triamylene. The other 
mode of separation depends upon the different velocities with which 
the isomeric amylenes form addition-products with hydriodic acid. 


The Nature of the Double Carbon Bond. 


127. Hitherto the existence of a double carbon bond in the 
alkylenes has been arbitrarily assumed: the constitution of un- 
saturated compounds could, however, be represented in a variety 
of ways. 

1. Existence of bivalent or tervalent carbon atoms: 


Ir Ill Ill 
CH3—C—CHs, CH2—CH—CHs. 


2. Existence of free bonds: 
a. On one carbon atom only: 


CH3—(—CH3 . 


b. On different carbon atoms: 


CH3;—CH—CHp. 
eens 


3. Existence of a double carbon bond: 
CH3—CH==CHp. 
4, Existence of a closed chain or ring: 
CH2—CHp. 
ye 
a 
CHe 
It is stated in 123 that unsaturated compounds are convertible 
into saturated compounds by addition of atoms or groups. The 
constitution of these addition-products on the one hand, and the 


method of formation of the unsaturated products obtained by the 
elimination of a hydrogen halide, etc., from the saturated com- 
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pounds on the other, enable a decision to be arrived at between 
these four possibilities. 

It should be observed that the addition-product is the same. 
whether the existence of a bivalent carbon atom, or of two free 
bonds on the same carbon atom, be assumed. Thus, whether 


Il 
propylene be supposed to have the constitution CH3-C-CHg3 or 
CHs -C-CHs, the addition of bromine produces the same substance, 


CH3-CBrg-CH3. Similarly, the assumption of tervalent carbon 


atoms, or of free bonds on different carbon atoms, leads to the 


Ill III 
same result; CHg-CH, with two tervalent carbon atoms, and 


CH2-CHy with free bonds, yielding with bromine the same addi- 


tion-product, CH2Br-CHgBr. It follows that for the present it is 
unnecessary to treat cases | and 2 separately. 

It is readily proved that addition does not take place at only 
one carbon of unsaturated compounds, for otherwise ethylene 
chloride, CgH4Cle, would have the constitution CH3-CHCle, and 
ethylene itself, CH3-CH. Ethylene chloride would then be iden- 
tical with the product obtained by the action of phosphorus penta- 
chloride upon acetaldehyde, CH3-CHO, since the exchange of 
the oxygen atom in the latter for two chlorine atoms yields a com- 
pound of the formula CH3-CHClg. But ethylene chloride is differ- 
ent from the compound CgH4Cly (ethylidene chloride) got from alde- 
hyde. Similarly, propylene chloride, C3H¢Cle, formed by the 
addition of chlorine to propylene, is not identical with the reaction- 
product obtained by treating acetone with phosphorus penta- 
chloride, CH3-CCly-CH3 (chloroacetone), nor with that from pro- 
pionaldehyde, CH3-CH2-CHClg (propylidene chloride). Ethylene 


IL 
therefore cannot have either the formula Onset or CH3-CH. 


nor propylene any of the formule CHs -C-CHs, eee ka 


CH3-C-CHg, or CH3-CH»-CH. 

A further insight into the structure of the unsaturated com- 
pounds is derived from other considerations. Propylene is obtained 
by the elimination of HI from n-propyl iodide, CH3-CHg-CHel. 
The same compound is produced by the removal of HI from iso- 
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propyl iodide, CH3-CHI-CH3. Hence, it follows that propylene 


cannot have either the formula CH2-CH»-CHs or \. 7 , and 
| Cab, 
therefore the remaining possibilities are CH3-CH-CHo, 
lit IIt | | 

CH3-CH-CHg, and CH3-CH:CHg. 

isoButylene, C4Hg, is similarly formed by the elimination of 
HI from both isobutyl codide, (CH3)2C'H|CH,IT], and tertiary butyl 
todide, (CH3)2C{I -CH2/H|. Thus, sobutylene can only have one of 


L 
the formule (CHg)s0-CH2, (CHg)s0-CHs, and (CHs)sC:CHp. 
| | 


Both these examples indicate that the removal of hydrogen halide 
from an alkyl halide necessitates the elimination of a halogen atom 
and a hydrogen atom respectively in union with two carbon atoms 
directly linked together. 

Other examplesserve as further illustrations of this principle. If 


HI be removed from a pentyl iodide, At >CH-CHal, the resuit- 
5 
ing amylene, CsHyo, should, in accordance with the principle, have 
the constitution Re >C-CHe. That it actually has is proved by 
as” | | 


the fact that the additien-product obtained by the action of hydri- 
odie acid on this amylene is not the original pentyl iodide, but one 


with the formuia ae >CI-CHs3, as is established by replacement 
2tls 


of I by OH, and comparison of the tertiary alcohol thus obtained 
with that of the same formula prepared by the synthetic method 
described in 111. 

The constitution of another pentyl iodide, (CH3)2CH -CH2-CHal, 
which yields C;H,9 on elimination of HI, may be similarly estab- 
lished. With hydriodie acid this amylene yields another pentyl 
iodide, (CH3)2.CH-CHI-CH3: the constitution of this compound is 
proved by its conversion into an alcohol which yields a ketone on 
oxidation, and is therefore a secondary alcohol. 


Burierow has proved that the removal of hydrogen halide is 
impossible when the halogen atom and hydrogen atom are not 
united with carbon atoms in juxtaposition to one another. He 
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converted isobutylene, (CH,),C:CH,, by addition of two bromine 
atoms into (CH,),CBr-CH,Br. Elimination of HBr from this di- 
bromide produced (CH,),C-CHBr, the constitution of which is in- 
ferred from its oxidation to acetone: 


(CH,),C|: CHBr — (CH;),CO. 


It was not possible again to eliminate HBr from the compound 
(CH;),C:CHBr, monobromobutylene, there being no hydrogen at- 
tached to the carbon atom in direct union with the CHBr-group. 


128. I'rom the foregoing considerations it is evident that only 
three possible constitutional formule remain for the unsaturated 
hydrocarbons. 

1. Two free bonds on two carbon atoms directly linked to one 
another: R-CH-CH-R’. 


ir Wit 
2. Tervalent carbon atoms in direct union: R-CH-CH-R’. 


3. A double bond between two carbon atoms: R-CH:CH-R’. 

Yor several reasons the preference is given to the formula with 
the double bond. T[irst, it would be remarkable if only carbon 
atoms in juxtaposition to one another could have free bonds, or be 
tervalent. Second, experience has shown that unsaturated com- 
pounds containing an uneven number of free bonds or tervalent 
carbon atoms do not exist. Next to the saturated hydrocarbons 
C,Hen+2, come in order of the number of hydrogen atoms, C,Hay, 
C,Hen—2, etc. Hydrocarbons, C,H2,41, CaHen_j, etc., with one or 
three free bonds, or tervalent carbon atoms, are unknown, all 
attempts to isolate methyl CH3, ethyl CoH, ete., having failed. The 
facts afford no support for the assumption of either free bonds or 
of tervalent carbon atoms. On the otber hand, in forming a double 
linking hydrogen halide must be eliminated from adjoining carbon 
atoms in direct union, thus excluding the possibility of the forma- 
tion of such compounds as C,Hen»,;. Only the existence of the 
double bond, therefore, explains the observed facts. 

The non-existence of free bonds in the unsaturated hydro- 
carbons has led by analogy to the conclusion that they are also 
absent from other compounds containing atoms doubly linked, 
trebly linked, etc., such as nitrogen in the nitriles, oxygen in the 
ketones, and so on. 
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129. The assumption of the existence of multiple bonds pre- 
sents at first sight, however, certain difficulties when the power 
of forming addition-products possessed by all such compounds is 
considered. As has been stated several times, carbon bonds are 
only severed with difficulty (40), but the double carbon bond is 
very readily converted into a single one by formation of an addi- 
tion-product. It is still more remarkable that when a substance 
containing a double carbon bond is oxidized, the chain is always 
severed at the double bond. A satisfactory explanation is afforded 
by the fact that when substances containing a double carbon bond 
are oxidized, it is often possible to prove that there is no direct 
rupture of the carbon chain at the double bond, but that an addi- 
tion-product is first formed by the taking up of two OH-groups: 


\cH \CHOH 
becomes 


} 
fou HOH 


Such derivatives can often be isolated. Since oxidation always 
takes place at a point where it has already begun (49), it follows 
that further oxidation of such a compound must result in a sever- 
ance of the carbon chain at the position previously occupied by the 
double bond. The breaking of the unsaturated chain by oxidation 
therefore depends on the formation of an intermediate addition- 
product, and it is only necessary to find an explanation for the 
ease with which the addition is effected, an object best attained by 
a consideration of the nature of the bonds between the atoms. An 
affinity or bond may be looked upon as an attraction exercised by 
one atom upon another. Should an atom possess more than one 
affinity, it is assumed that the attraction is exercised in more than 
one direction, and is concentrated at certain points of its surface, 
somewhat after the manner in which the attraction exercised by a 
magnet is concentrated at its two poles. Any other. assumption, 
such as that the attracting force is equally distributed over the 
whole surface of an atom, would make it difficult to understand 
how each element could have a determinate valency. If the carbon 
atom is quadrivalent, there must be on its surface four such points 
or “poles,” situated at the angles of a regular tetrahedron (52). 
When there is a single bond between two such poles on different 
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carbon atoms, their mutual attraction causes the atoms to approach 
one another as closely as possible. 

Von Baryer has suggested that these poles on the surface of 
carbon atoms are movable. Such a movement results, however, 
in a certain ‘‘ strain,’ and this tends to make the poles revert to 
their original position. Thus, on conversion of a single bond 
between two carbon atoms into a double bond, the directions of 
the affinities of each carbon atom must undergo an appreciable 
alteration: 


—C C==sbecomes 0 ——(0 
NA 
JES 


The resulting strain is therefore a cause of the readiness with 
which double bonds can be severed. Von Baryer’s strain 
theory affords an explanation of other important phenomena 
also. 

Evidently the double bond must not be regarded as a mere 
duplication of the single bond, as the expression ‘‘double bond ” 
would indicate. 


II. POLYMETHYLENE COMPOUNDS, CrHon. 


130. Isomeric with the olefines is a series of compounds, C,Ha,, 
chiefly distinguished from the former by the absence of, or at 
least a diminution in, the power of forming addition-products. 
Most of these compounds are very stable: thus pentamethylene, 
C5Hi0, closely resembles n-pentane, C;H;2. The methods for the 
formation of these compounds make it evident that there is a 
ring or closed carbon chain in the molecule (282-286). 


III. HYDROCARBONS, Cy, Hon -2. 


131. Two structures are possible for these compounds, which 
contain four hydrogen atoms less than the corresponding paraffins. 
Hydrocarbons with two double bonds have the general formula 
C,Hen_2; for example, 


CHe:CH-CH:CHg. 


Vinylethylene 
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Further, substances with a triple bond have the same general for- 
mula; for example, 


CH; -C=CH. 
Allylene 


The triple linking here is assumed for reasons similar to those 
applicable to the double bond in the olefines (128). 


A. HYDROCARBONS WITH TRIPLE BONDS. 


Nomenclature. 


132. The first member, C2Hge, is called acetylene: the second, 
C3H4, allylene: the higher members are regarded as substituted 
acetylenes; thus C4Hg is called ethylacetylene; CeH,0, butylacetylene; 
and so on. 


Methods of Formation. 


1. By the dry distillation of complex compounds such as coal; 
hence the occurrence of acetylene in coal-gas. 

2. By the withdrawal of two molecules of hydrogen halide from 
compounds of the formula C,H2,X2, where X represents a halogen 
atom, these compounds having been previously formed by the 
addition of halogen to alkylenes: 


CH2Br—CH2Br—2HBr=CH=CH. 
Ethylene bromide Acetylene 
The elimination of hydrogen halide is effected by heating with 
alcoholic potash. 

A general method for the preparation of unsaturated com- 
pounds is furnished by this method of adding on halogen, followed 
by the removal of hydrogen halide. Thus from C,Hoen +2, CpHon 1X 
is obtained by the action of chlorine or bromine. Heating with 
alcoholic potash converts this into C,Hen, from which C,H»2,Br2 
is got by the action of bromine, and is converted into C,Hen_2 by 
abstraction of 2HBr. This compound can again form an addition- 
product with bromine, and so on. 

3. By the elimination of 2HX from compounds of the formula 
C,HonXe2, previously formed by the action of phosphorus penta- 
halide upon aldehydes or ketones: 
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CH3-CHCl, — 2HCl = CH=CH. 


Ethylidene chloride Acetylene 
CH3-CCly-CH3 — 2HCl = CH3-C=CH. 
Chloroacetone Allylene 


It might be anticipated that the removal of hydrogen halide 
would take place as indicated in the second method, with the pro- 
duction of two double bonds: 


CH,-CCl,-CH, — 2HCl = CH,=C=CH,, 
or 
CH,;-CHBr-CHBr-CH, — 2HBr = CH,=CH-CH=CH,. 

This is not found to be the case. The formula of the resulting 
product can be determined, for example, by a study of its bromine 
addition-products, and also from the reactions characteristic of com- 
pounds containing the group =CH, described in the next para- 
graph. 


Some of the hydrocarbons prepared by the foregoing methods 
exhibit a characteristic behaviour towards an ammoniacal solution 
of cuprous chloride or of a silver salt, which affords a ready means 
of recognizing them. By replacement of hydrogen, they yield 
metallic derivatives, insoluble in the ammoniacal solution or in 
water, which separate out as a voluminous precipitate. These 
compounds are explosive, the copper yellow or red, and the silver 
white. Acetylene, and of its higher homologues, those derived 
from the dihalogen compounds of the aldehydes, yield these metallic 
compounds. The method of formation of these homologues shows 
that they contain the group =CH: 


C,Hasca: CHy- CHO G7, 11-CH>- CHC => Cf. 4 -(==cr 


From this it may be concluded that the presence of the group =CH 
is essential to the yielding oj metallic derivatives: it is the hydrogen 
of this group which is replaced by metals. In support of this view 
is the fact that only the dichloro-derivatives of the methylketones 
(x10) can be transformed into hydrocarbons yielding metallic 
compounds: 

Cn, Hen et -CO -CHs —- CaHens1 -CCle -CHs3 => CnHen41 CeO 


Yields metallic derivatives 
CoHs -CO -CoHs SD CoHs -CCle -CHe -CH3 =? CoH; .G==0, -CHs. 


Does not yreld metallic 
derivatives 
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The isomeric hydrocarbons containing two.double bonds (134) are 
also incapable of forming metallic compounds. 

The hydrocarbons are readily liberated from their metallic 
derivatives by the action of dilute hydrochloric acid. This affords 
a means of isolating from mixtures the members of the series 
C,H2,-2 which yield such derivatives, and of obtaining them in 
the pure state. ; 

The hydrocarbons of this series can add on four halogen atoms 
or two molecules of a hydrogen halide. In presence of mercury 
salts they can take up water, forming aldehydes or ketones: 


CH=CH+H20 = CH3-CHO. 
CH3 -C=CH + H20 = CH3-CO-CHs3. 


Mercury compounds are first formed by addition: thus, when 
allylene, C3H4, is passed into a solution of mercuric chloride, there 
is first formed a precipitate of the composition 3HgCle-38HgO-2C3H4, 
which is converted into acetone by the action of hydrochloric acid. 

The hydrocarbons of the acetylene series also yield condensa- 
tion-products. The condensation sometimes takes place between 
three molecules: thus, acetylene, C2H2, condenses to benzene, 
CoH; dimethylacetylene, C46, to hexamethylbenzene, C,,Hj3; 
etc. This transformation is effected by the action of heat on acety- 
lene, and of sulphuric acid on its homologues. 

A remarkable reaction, resulting in a change in the position of 
the triple bond, takes place when the hydrocarbons of the series 
C,Hen_2 containing the group =CH are heated to a high tempera- 
ture in a sealed tube with alcoholic potash: 


CoH;-CH2-C=CH is converted into CeH;-C=C-CHs3. 


Propylacet ylene Methylethylacetylene 


It is probable that addition at one part of the molecule is followed 
by the elimination of atoms from another part. The displacement 
of the triple linking in the instance cited is proved by the fact that 
although propylacetylene yields metallic derivatives, the substance 
obtained by heating it with alcoholic potash does not, but is con- 
verted by oxidation into propionic acid and acetic acid. This deter- 
mines the position of the triple bond, since, for reasons similar to 
those applicable to the double bond (129), the carbon chain is 
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broken by oxidation at the point occupied by the multiple bond. 
The substance obtained must therefore have the formula given 
above, and be methylethylacetylene. 


Acetylene, C2Ho. 


133. Acetylene is a colourless gas of disagreeable odour, is 
somewhat soluble in water, and condenses at 18° and 83 atmos- 
pheres to a liquid boiling at —$2-4°. It can be synthesized from 
its elements by the aid of an electric-are discharge between carbon 
poles in an atmosphere of hydrogen, but the maximum yield of 
acetylene at 2500° is only 3-7 per cent. Atthe same temperature, 
about 1-2 per cent. of methane and a trace of ethane are simul- 
taneously formed. The presence of acetylene can be detected 
by means of an ammoniacal solution of cuprous chloride, 
which yields a red precipitate of copper acetylene even from 
traces of acetylene mixed with other gases. Acetylene is also 
obtained as a product of the incomplete combustion of many 
organic substances. It is prepared on the large scale by the action 
of water on calcium carbide, or calcium acetylene, CaCo: 


CaCz af 2H.20 = Ca (OH)2 =f CoHe. 


The reaction is somewhat violent, and‘is attended with the evolu- 
tion of a considerable quantity of heat. Calcium carbide is pre- 
pared by heating carbon with quicklime, CaO, in an electric furnace. 
Under the influence of the high temperature, the calcium liberated 
by the action of the carbon on the quicklime enters into combina- 
tion with the excess of carbon, forming calcium carbide: when 
pure, it is white, but has usually a dark reddish-brown colour, due 
to the presence of small quantities of iron. 


Acetylene can be prepared at a comparatively moderate cost by 
this method, and is sometimes employed as a substitute for coal- 
gas, since a stream of the hydrocarbon passed through a fine open- 
ing burns with an intensely luminous flame. Hitherto, partly 
owing to the cost of production but more to the nature of acetylene 
itself, its use has been attended by difficulties. It forms explosive 
copper acetylene with the copper of the gas-fittings: a mixture 
with air explodes with extreme violence, and is much more 
dangerous than a mixture of ordinary coal-gas and air. This is due 
to the fact that much heat is taken up in the formation of acetylene: 
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it is strongly endothermic (‘‘ Inorganic Chemistry,” 97). Moreover, . 
the limits of explosion are much wider than for any other gas, an 
explosive mixture being formed with air by the admixture of 
"3-82 per cent. of acetylene, while for coal-gas the limits are only 
5-28 per cent. The velocity of propagation of combustion is also 
much greater for acetylene, and this augments considerably the 
force of the explosion. 

Acetylene prepared from calcium carbide sometimes contains 
small quantities of sulphuretted hydrogen and phosphoretted hydro- 
gen, to which it owes its disagreeable odour. It can be freed from 
the former by a solution of caustic alkali, and from the latter by a 
solution of mercuric chloride in hydrochloric acid. The removal of 
phosphoretted hydrogen is of special importance, since its presence 
may lead to the spontaneous ignition of the gas. 


B. HYDROCARBONS WITH TWO DOUBLE BONDS. 


134. A hydrocarbon of this series of theoretical importance is iso- 
prene, C,H,. Itis obtained by the dry distillation of caoutchouc, and 
is a liquid boiling at 37°. By the union of two or more molecules, 
it passes into terpenes, C,,H,,, C,;H,,, etc. It is converted by con- 
eentrated hydrochloric acid into a substance strongly resembling 
caoutchoue, perhaps identical with it. Isoprene is proved to have 


the constitution et CHO by the addition of 2HBr, which 
“ 3 


yields a dibromide, Gy)°>CBr—CH,—CH,Br, identical with that 
3 


obtained from dimethylallene, Ce oe cn, 
‘ 3 


Dimethylallene is thus obtained. Two carbinol-derivatives, 
dimethylethylearbinol, an On) chy CH,, and methylisopro- 
4 3 
pylcarbinol, (y'> CH -CHOH -CH,, are prepared by the method 
ts 3 


described in rrr, and converted into the corresponding iodides. 
On elimination of HI, each iodide yields trimethylethylene, 
CH, 
CH, 
other position for the double bond. Trimethylethylene takes up 


>C=CH-CH,, its formation from both iodides admitting of no 


2Br, forming Gyy>CBr-CHBr-CH,. On treatment of this sub- 
fore} 


stance with alcoholic potash, two molecules of hydrobromic acid, 
2HBr, are eliminated, with the formation of dimethylallene, 
CE 2 as 
ue ae ele 

This mode of formation does not wholly preclude another 
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arrangement of the double bonds, but other evidence proves that 
dimethylallene has the structural formula indicated. 

1, On oxidation it yields acetone, proving the presence of the 
group (CH;),C=. 

2. Treatment with sulphuric acid of 50 per cent. strength con- 
verts it into methylisopropylketone: 


can SC=0=CH, 42H0= Gq? >CH-C(OH),-CH, an 
fivermediate product 
aus ee + CH-COCH,. 
3 


Compounds like this intermediate product are referred to in 155. 


When forming an addition-product with two univalent atoms, 
organic compounds containing the group C—=C—C=C, called by 
THIELE a ‘‘Conjugated system,” often behave peculiarly, the 
addition taking place at C-atoms 1 and 4, with formation of a 
double bond between C-atoms 2 and 3: 


CH2=CH-CH=CH2+Brg = CH2Br-CH=CH-CH2Br. 


SUBSTITUTION-PRODUCTS OF THE UNSATURATED 
HYDROCARBONS. 


I. UNSATURATED HALOGEN COMPOUNDS. 


135. Since the saturated hydrocarbons do not themselves pos- 
sess any salient characteristics, the properties of their compounds 
depend upon the nature of the substituents. Hitherto, only com- 
pounds with properties due to the presence in the molecule of a 
single group, such as hydroxyl, carboxyl, a multiple carbon bond, 
etc., have been described. Substances containing more than one 
characteristic group in the molecule must now be considered. 

When these groups are present simultaneously in the same 
molecule, they exercise a modifying influence upon one another. 
The extent of this influence varies considerably, as is evident from 
a consideration of the different classes of wnsaturated halogen 
compounds. 

Halogen derivatives of the type C,H2,_1X are obtained by the 
addition of halogen to the hydrocarbons C,H2,, and subsequent 
elimination of one molecule of hydrogen halide: 


CHs=CHe ae Bro = CH,Br—CHeBr. 
CH.Br—CH2Br— HBr = CHe—CHBr. 


Ethylene bromide Vinyl bromide 


They are also formed by removal of one molecule of hydrogen 
halide from compounds containing two halogen atoms in union 
with the same carbon atom: 


CH3-CH2-CHClz— HCl = CH3-CH=CHCIL. 


Propylidene chloride a-Chloropropylene 
CH3 -CCly -CH3 — HCl — CHs *CCIZ=CHo.- 
Chloroacetone 6-Chloropropylene 
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The methods employed in the preparation of these compounds 
indicate that their halogen atom is in union with a carbon atom 
having a double bond. Their properties differ widely from those 
of compounds like the alkyl halides, with the halogen atom attached 
to a singly-linked carbon atom; and this rule is general for such 
compounds. The halogen atom of the alkyl halides is especially 
able to take part in double decompositions: it is replaceable by 
hydroxyl, an alkoxy!-group, an acid-residue, the amino-group, and 
so on. 

This aptitude for double decomposition is almost lacking in com- 
pounds with halogen in union with a doubly-linked carbon atom. 
Alkalis do not convert them into alcohols, nor alkoxides into ethers: 
but invariably, when they do react, hydrogen halide is eliminated, 
with formation of hydrocarbons of the series C,H2,_9. 

An isomeride of a-chloropropylene and -chloropropylene, which 
have been referred to above, is called allyl chloride. Its halogen 
atom takes part in double decompositions as readily as the halogen 
atom of an alkyl chloride. Allyl chloride is obtained by the action 
of phosphorus pentachloride upon allyl alcohol, prepared by a 
method described in 158. This alcohol yields n-propyl alcohol by 
addition of hydrogen, and its hydroxyl-group must therefore be at. 
the end of the carbon chain. Hence, the halogen atom in allyl 
chloride must also be at the end of the chain, since it takes the 
place of the hydroxyl-group. Given the constitutions of a-propy- 
lene chloride and §-propylene chloride, which are deduced from 
those of propionaldehyde and acetone, the allyl halides can only 
have the constitutional formula 


CH2=—CH -CH2X. 


The halogen atom is attached to a singly-linked carbon atom, and 
retains its normal character despite the presence of a double bond 
in the molecule. 

The influence exerted upon the character of a halogen atom by 
its position in the molecule of an unsaturated compound affords a 
means of determining whether it is attached to a singly-linked or 
doubly-linked carbon atom, the indication being its possession or 
lack of the power to take part in double decompositions. 

The following are examples of individual members of the series. 
Vinyl chloride CH2:CHCl is a gas, vinyl bromide CHe:CHBr a 
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liquid of ethereal odour. Both these compounds polymerize 
readily. 

Allyl chloride, allyl bromide, and allyl iodide, boil respectively 
at 46°, 70°, and 103°. They are often employed in syntheses to 
introduce an unsaturated group into a compound. They have a 
characteristic odour resembling that of mustard. 

The propargyl compounds, CH=C-CH2X, are a type of the 
series C,pHy,-3X. Their constitution is inferred from the facts 
that they yield metallic derivatives, indicating the presence of the 
group —CH, and that their halogen atoms are capable of taking 
part in double decompositions, proving their union with a singly- 
linked carbon atom. They are obtained from propargyl alcohol 
(138) by the action of phosphorus pentahalides, and are liquids of 
pungent odour. 


Bromoacetylidene, CHBr:C, which is assumed by Ner to contain 
a bivalent carbon atom, can be obtained from acetylene bromide, 
CHBr:CHBr, by treatment with alcoholic potash. It is a gas, 
boils at —2°, and takes fire spontaneously in the air. Its solution in 
alcohol is phosphorescent, owing to slow oxidation, and the gas itself 
has an odour very similar to that of phosphorus. 


II. UNSATURATED ALCOHOLS. 
136. The hydroxyl-group of the unsaturated alcohols may be 
attached to a singly-linked or to a doubly-linked carbon atom: 
CH,:CH-CH2OH, CH.2:CH-OH. 


Allyl alcohol Vinyl alcohol 


Few compounds of the type of vinyl alcohol are known. It is found 
that reactions which might be expected to yield them generally 
result in the formation of their isomerides. Thus, when water is 
abstracted from glycol, CH2,0H-CH2OH, there results, not vinyl 
alcohol, CH2,—CHOH, but an isomeride, acetaldehyde, CH3—C< * 

When (-bromopropylene, CH3-CBr:CHg, is heated with water, 
there is formed not $-hydroxypropylene, CH3-C(OH):CHz2, but 
the isomeric acetone, CH3-CO-CH3. The rule is that when a group- 
ing of the atoms in the form —CH:C(OH)— would be expected, a 
transformation into —CH,-CO— usually occurs. Although most 
substances containing hydroxy] attached to a doubly-linked carbon 
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atom are unstable, they have a tendency to become transformed 
into isomerides. Compounds do exist, however, in which the 
group —CH :C(OH)— is stable (254-256). 


The following compounds either contain hydroxyl in union with 
a doubly-linked carbon atom, or are related to substances of that 
type. 

Vinyl alcohol, CH,:CHOH, so called because it contains the 
vinyl-group, CH,:CH—, is probably present in ordinary ethyl ether 
owing to partial oxidation. When such ether is agitated with an 
alkaline solution of a mercury salt, a precipitate of the composition 
Hg.Cl,0.C,H, is formed, and on treatment with hydrogen halide 
yields vinyl-compounds. 

A vinyl-derivative of great physiological importance, called neu- 
rine, is formed in the putrefactive decay of flesh, and in other fer- 


: se : (vale : 
mentation-processes. Its constitution is (CH,),N eon CH; as 1s 


indicated by synthesis. When trimethylamine reacts with ethy- 
lene bromide, a substituted ammonium bromide of the formula 


(Cn) eee is obtained. HBr is eliminated from the 


group —CH,-CH,Br by the action of moist silver oxide, the bromine 
atom attached to nitrogen being simultaneously replaced by hy- 
droxyl. A substance of the constitution indicated is thus obtained, 
and is in all respects similar to neurine. 


Allyl Alcohol, CH2:CH-CH,OH. 


137- Many unsaturated alcohols containing hydroxyl attached 
to a singly-linked carbon atom are known. The most important 
is allyl alcohol, the preparation of which is described in 158. Its 
constitution is inferred from that of the chlorine derivative formed 
by the action of phosphorus pentachloride (135); as well as from 
that of the products obtained by oxidation, by which allyl alcohol 
is converted first into an aldehyde, acrolein, and then into acrylic 
acid: 


CH,:CH-CH,OH > CH,:CH-C< 2 — on,:CH-COOHL 


Allyl aleohol Acrolein O Acrylic acid 


Allyl aleohol must therefore contain the group —CH2OH, charac- 
teristic of primary alcohols. 
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Allyl alcohol is a liquid of irritating odour, solidifying at —50°, 
and boiling at 96-5°, and is miscible with water in all proportions. 
Its specific gravity at 0° is 0-872. It forms addition-products with 
the halogens and with hydrogen, with the latter yielding n-propyl] 
alcohol. 


Many other compounds containing the allyl-group, CH,: CH-CH,—, 
are known, among them allyl sulphide (CH,:CH-CH,),S, the prin- 
cipal constituent of oil of garlic. It is synthetically obtained by 
the action of potassium sulphide, K,S, on allyl iodide. 


It is apparent that the influence of the double bond in the 
unsaturated halogen compounds and alcohols is very pronounced 
when it is situated in the immediate neighbourhood of halogen or 
hydroxyl, but that otherwise its influence is much less marked. 
When two groups are situated in immediate proximity to one another 
in the same molecule, each group exercises a strong influence upon the 
properties of the other. 


Propargyl Alcohol, CH=C-CH,OH. 


138. Propargyt alcohol contains a triple bond, and is prepared 
from tribromohydrin, CH,Br-CHBr-CH,Br (153). Caustic potash 
conyerts this substance into CH,:CBr-CH,Br, which on treatment 
with potassium acetate and saponification yields CH,:CBr-CH,OH, 
since only the terminal Br-atom is capable of taking part in a double 
decomposition (135). When this alcohol is again brought into con- 
tact with caustic potash, HBr is eliminated, with formation of pro- 
pargyl alcohol, the constitution of which is indicated by this method 
of formation and also by its properties. The presence of the group 
=CH is indicated by the formation of metallic derivatives: on 
oxidation it yields propiolic acid, CH=C-COOH, with the same 
number of carbon atoms, proving that it is a primary alcohol. 

Propargy] alcohol is a liquid of agreeable odour, soluble in water, 
and boiling at 114°-115°: its specific gravity at 21° is 0-963. Its 
metallic derivatives are explosive. 


MONOBASIC UNSATURATED ACIDS. 


I. ACIDS OF THE OLEIC SERIES, C,H.,_,0,. 


139. The acids of the oleic series can be obtained from the 
saturated acids C,H2,O2 by the methods generally applicable to the 
conversion of saturated into unsaturated compounds. 

1. Substitution of one hydrogen atom in the alkyl-group of a 
saturated acid by a halogen atom, and subsequent elimination of 
hydrogen halide by heating with alcoholic potash. 

2. Removal of the elements of water from the monohydroxy- 
acids: 


CH3-CHOH-CH2-COOH —H,0=CH3-CH:CH-COOH. 


6-Hydroxybutyric acid Crotonic acid 


The acids of this series can also be prepared from unsaturated 
compounds by 

3. Oxidation of the unsaturated alcohols and aldehydes. 

4. The action of potassium cyanide on unsaturated halogen 
compounds, such as allyl iodide, and hydrolysis of the resulting 
nitrile. 


Nomenclature. 


140. Most of the acids of the oleic series are named after the 
substances from which they were first obtained, but a few of the 
middle members have names indicating the number of carbon 
atoms in the molecule. The first member, CH2:CH-COOH, is 
called acrylic acid: others are crotonic acid, C4HgO2; angelic acid 
and tiglic acid, C5sHsO2; undecylenic acid, CyyHoO2; oleic acid, 
CisH3402; erucic acid, Co2H 420g; -ete. 

166 
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Properties. 


141. In common with all compounds containing a double bond, 
the acids of this series possess the power of forming addition- 
products. They are ‘“‘stronger ”’ acids than the corresponding fatty 
acids containing the same number of carbon atoms in the molecule: 
thus, the value of the constant 104K (93) for propionic acid, C3H¢gQz, 
is 0-134; for acrylic acid, CsH 402, 0-56; for butyric acid, C4HsOz, 
0-149; for crotonice acid, CyHg02, 0-204; ete. ‘The double bond 
renders the acids of the oleic series much more susceptible to oxida- 
tion than those of the fatty series (129). The former are converted 
by energetic oxidizers into two saturated acids, but when the reac- 
tion is made less energetic by using a dilute solution of potas- 
sium permanganate, a dihydroxy-acid containing the group 
—CHOH -CHOH— is formed as an intermediate product, and on 
further oxidation the chain is severed at the bond between these 
two carbon atoms (129). This behaviour affords a means of deter- 
mining the position of the double bond in the molecule. A breaking 
down of the molecule with formation of saturated fatty acids also 
results on fusion of an unsaturated acid with caustic potash in 
presence of air: 


CoHon41 -CH :|CH-COOH O sk 
nO 2 =C,Hon41-C/OK +CH3-COOH. 
on OK 


Formerly the reaction was employed to determine the position of 
the double bond, on the assumption that the division of the mole- 
cule was effected at the point where this bond was situated in the 
first instance. It is now known that under the influence of fused 
caustic potash, or even by boiling with a solution of caustic soda, 
the position of the double bond is displaced nearer that of the 
carboxyl-group. Fusion with caustic potash cannot, therefore, 
be employed as a means of determining the position of double 
bonds. 
Acrylic Acid, CH2:CH-COOH. 

142. Acrylic acid is obtained by the elimination of HI from 
@-iodopropionic acid, CH2I-CH2-COOH. Itis a liquid of pungent 
odour, boiling at 140°, and is reduced by nascent hydrogen to pro- 
pionic acid. 
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Acids of the formula C4H,¢0>. 
143. The theoretically possible acids of the formula C4HgOz2 are 


1. CH,:CH-CHz-COOH; 2. CH3-CH:CH-COOH; 


CHoe 


ee > CH-COOH; 


3. CHe:0 < Anan; ‘ 
U<cooH? 4 as 
but five acids of the formula C4HgO2 are known. 

An acid of the constitution indicated in formula 1, vinylacetic 
acid, can be obtained by the action of carbon dioxide on allyl mag- 
nesium bromide, and decomposition of the primary product by 
acidulated water: 


CH2:CH-CH2MgBr + CO2=CH2:CH-CH2-CO.MgBr; 


CH2:CH-CH2-CO2MgBr +H20 = 
=CH2:CH-CH2-COOH + MgBr-OH. 


Its formation by the action of potassium cyanide on allyl iodide, 
and hydrolysis of the nitrile thus formed, might be expected: 

CH,:CH-CHgI — CH2:CH-CH2CN — CH2:CH-CHy-COOH. 

Allyl iodide 

Actually, however, an acid of formula 2 is obtained, solid crotonic 
acid, which melts at 71° and boils at 180°: careful oxidation with 
permanganate converts it into oxalic acid, HOOC—COOH, a proof 
of its constitution. It follows that during the reaction the position 
of the double bond must have changed. 

isoCrotonic acid, melting at 15-5° and boiling at 172°, has also 
constitution 2, because, on the one hand, like solid crotonic acid 
it can be reduced to n-butyric acid, proving that it too contains 
a normal carbon chain; on the other, it is converted by careful 
oxidation into oxalic acid. Ordinary constitutional formule are 
incapable, therefore, of accounting for the isomerism of these acids, 
which is explained in 170. 

An acid with formula 3 is obtained by the elimination of HBr 
from bromoisobutyric acid; it is called methacrylic acid: 


Oly ae. CHex a 
CH; > CB SCOOT CH. >C-.COOH. 


The acid of formula 4 is described in 282. 
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Oleic Acid, CyisH 3409. 


144. Oleic acid is obtained by the saponification of oils and 
soft fats (91). To separate it from the saturated fatty acids, 
stearic and palmitic, simultaneously liberated, the lead salt is pre- 
pared. Lead oleate is soluble in ether, while lead palmitate and 
stearate are not. The oleic acid is liberated from the lead oleate 
by treatment with acids. 

At ordinary temperatures, oleic acid is a liquid without odour 
and of an oily nature. It melts at 14°. It oxidizes readily in the 
air, and cannot be distilled at ordinary pressures without decom- 
position. 

Oleic acid contains a normal carbon chain, since on reduction 
it yields stearic acid. 


Krarrt has proved the normal structure of stearic acid by con- 
verting it step by step into acids with a smaller number of carbon 
atoms. When submitted to dry distillation in a vacuum, barium 
stearate and barium acetate form a ketone, C,,H,;-CO-CH;: 


CiH:5:(COOba* + baO-}OC -CH, > C,7H,5-CO-CH,. 


Barium stearate Barium acetate Margarylmethylketone 


On oxidation, this ketone yields acetic acid and an acid of the for- 
mula C,,H,,0,. This proves that the ketone contains a CH,-group 
next to the carbonyl-group, and has the formula C,.H3;-CH,+-CO-CHs, 
for only from such a compound could oxidation produce an acid 
with seventeen carbon atoms. This acid, C,,H3,0, (margaric acid), 
is similarly transformed into a ketone, C,g,H33-CO-CH;, which on 
oxidation yields an acid CyH3.0.. The formula of margaric acid 
must therefore be C,;H3,-CH,-COOH. and that of stearic acid, 
C,;H3;-CH,-CH,:-COOH. The acid C,,H3,0,, palmitic acid, is in its 
turn converted into a ketone, and the process continued until capric 
acid, C,H» 02, is obtained. This acid has been proved by synthesis 
(251, 1) to contain a normal carbon chain. 


The presence of a double bond in oleic acid is indicated by its 
forming an addition-product with bromine, and by its power of 
reducing an alkaline permanganate solution (123). ‘The double 


* ba =4Ba. 
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bond is situated at the centre of the chain, the constitution of oleic 
acid being 


CH3-(CH2)7-CH: CH: (CH2)7*COOH. 


This constitution is inferred from the products of careful oxida- 
tion, which yields pelargonic acid, CsHj7-COOH, and azelaic acid, 
HOOC: (CH2)7:COOH. 

Oleic acid reacts in a remarkable manner with nitrous acid, 
even when brought into contact with a mere trace of this substance. 
The best method is to pass the red gaseous mixture of nitrogen 
peroxide and nitric oxide, obtained by heating arsenic trioxide with 
nitric acid, into oleic acid, or to add nitric acid of specific gravity 
1-25. ‘he oleic acid soon solidifies, having been converted into an 
isomeride, elaidic acid. The reaction is called the ‘‘elaidic trans- 
formation.’’ Other acids of this series are similarly transformed: 
thus, erucic acid, C22H 4202, is converted by a trace of nitrous acid 
into brassidic acid. 

Elaidic acid has the same structural formula as oleic acid, the 
double bond occupying a similar position in the molecule of each, 
since each acid readily forms a bromine addition-product from 
which elimination of 2HBr yields stearolic acid, CygH 3.02: 


Cy1sH3402 > CygH34Br202 — CigH320o. 
Oleic and elaidie Bromine addition- Stearolic acid 
acids product 
Oleic acid and elaidic acid yield the same hydroxystearic acid by the 
addition of one molecule of water, a reaction effected by the action 
of concentrated sulphuric acid. Their isomerism is, therefore, like 
that of erucic acid and brassidic acid, analogous to the isomerism 
of the two crotonic acids (143). 


II. ACIDS OF THE PROPIOLIC SERIES, C,H. -,0,. 


145. The acids of the propiolic series have one triple bond, or 
two double bonds, in the molecule. The first-named are formed 
by the action of carbon dioxide upon the sodium compounds of the 
acetylene hydrocarbons: 


CH=CNa +CO2=CH=C-COONa. 


Sodium propiolate 
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The a-carbon atom of these acids has a triple bond, and such acids 
are very readily decomposed into an acetylene hydrocarbon and 
CO2; for example, by heating their silver salts. 

A general method for the preparation of acids with triple bonds 
involves the addition of two bromine atoms to acids containing a 
double bond, and subsequent elimination of 2HBr: 

CH3-CH:CH-COOH — CH3-CHBr-CHBr-COOH — 


Crotonic acid Dibromobutyric acid 


— CH3-C:C-COOH. 


Tetrolic acid 
In presence of concentrated sulphuric acid, substances with a 
triple bond take up water with formation of ketones: 
—C=C— => —CH, -CO—. 
In this manner stearolic acid is converted into a ketostearic acid of 
the formula 


CsH,7-CO-CH2-(CH2)7-COOH, 


and treatment with hydroxylamine transforms this into the corre- 
sponding oxime: 


CsHj7-C-CH2-(CH2)7-COOH. 
NOH 


Under the influence of concentrated sulphuric acid, this oxime 
undergoes the BreckMANN transformation (112), among the pro- 
ducts being the substituted acid amide 


CGH -CO 
NH-(CH,)s-COOH, 


which is proved to have this formula by its decomposition into 
pelargonic acid, CsH,7-COOH, and the 9-aminononoic * acid, 
NH: (CHz)s-COOH, by the action of fuming hydrochloric acid. 
This is a confirmation of the constitution above indicated for oleic 
acid and elaidic acid, since they can be converted into stearolic 
acid in the manner already described. 


*If the carboxyl-carbon atom is denoted by 1, the amino-group is in 
union with the ninth carbon atom of the chain. 
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Acids with Two Double Bonds, C,H2,_402. 


146. Very few of these acids are known. Among them is sorbic 
acid, CsH,0,, a crystalline substance melting at 134-5°. It is 
present in the unripe berries of the mountain-ash, and its con- 
stitution CH;-CH:CH-CH:CH-COOH is proved by its synthesis, 
which is effected by the condensation of malonic acid with cro- 
tonaldehyde under the influence of pyridine as a condensing agent: 


H 


W,-CH:CH.cH__ 
ETRE “(0 +H,Jc < 000 H _oy, .cH:CH.CH:CH-COOH + 
Crotonaldehyde |COO|H 
Malonic acid +CO,+H,0. 


Isomeric with stearolic acid is linoleic acid, C,sH3,0,, obtained by 
the saponification of linseed-oil. When carefully oxidized with 
potassium permanganate it is converted into a tetrahydroxystearic 
acid, C,3;H3.0,(O0H),, proving the presence of two double bonds in 
the molecule. 


UNSATURATED ALDEHYDES AND KETONES. 


147. The lowest unsaturated aldehyde is acrolein, CH2:CH-CHO. 
It is obtained by removal of water from glycerol, which is best 
effected by heating with potassium pyrosulphate, K28.O07. It is 
a colourless liquid, boiling at 52-4°, and has an extremely powerful, 
penetrating odour, to which it owes its name (acer, sharp, and 
oleum, oil). The disagreeable, pungent smell produced when a 
tallow candle or an oil-lamp is extinguished is due to the formation 
of acrolein. On reduction, it yields allyl alcohol, from which it 
is regenerated by careful oxidation. It is converted into acrylic 
acid by further oxidation. 

It has the properties peculiar to aldehydes—the susceptibility 
to reduction and oxidation, resinification in presence of alkalis, 
and the power of forming polymerization-products. It possesses 
this last property in such a marked degree that it usually becomes 
completely converted into a polymeride in the course of a few days 
or even hours, probably under the catalytic influence of traces of 
impurities. The presence of the double bond in acrolein modifies 
to some extent the aldehydic character. This is exhibited in its 
behaviour towards ammonia, with which it does not combine like 
acetaldehyde (113), but in accordance with the equation 


2C3H,0 + NH3=CgH9ON +H,20. 


Acrolein-ammonia is an amorphous, basic substance, is soluble in 
water, and in its appearance and behaviour towards water bears a 
close resemblance to glue. 

Acrolein does not unite with one molecule of an acid sulphite, 
but with two, yielding a compound from which the aldehyde cannot 


be regenerated by the action of acids, which eliminate only one 
173 
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molecule of the acid sulphite. This indicates that the other mole- 
cule of acid sulphite has been added at the double bond. 


148. Croionaldehyde, CH,-CH:CH-CHO, results on elimination 
of water from aldol, CH,-CH(OH|-CH}H -CH (x1s), by heating to 


140°. It is a liquid boiling at 104°-105°, and is converted by oxida- 
tion with silver oxide into solid crotonic acid (143), proving that it 
has the constitution indicated. 

Proptolaldehyde. CH=C:- Gee 
acetal by the addition of two bromine atoms, and subsequent 
removal by means of caustic potash of 2HBr from the addition- 
product thus formed: 


can be obtained from acrolein- 


: H os e . H 
CH,:CH-Ciog x,), ae CHBr Gea) 
Acroleinacetal Dibromo-compound 
| 
— CH=C-Ciaa i.) 


Propiolaldehydeacetal 


Propiolaldehydeacetal is converted by warming with dilute sul- 
phurie acid into the corresponding aldehyde, which has the same 
irritating action on the mucous membrane as acrolein. 

The behaviour of propiolaldehyde towards alkalis is remark- 
able. It decomposes into acetylene and formic acid: 


H 
CH=C-CHO +NaOH =CH=CH +CZONa. 
NO 


149. An important unsaturated aldehyde is geranial (citral), 
C,oH 60, characterized by its agreeable odour. It is a constituent 
of various essentiai oils; among them oil of orange-rind, the cheap 
oil of lemon-grass, and oil of citron. At the ordinary temperature 
it is liquid, and boils at 110°-112° under a pressure of 12 mm. Its 
aldehydic nature is shown by its reduction to an alcohol, geraniol, 
and its oxidation to an acid with the same number of carbon 
atoms, geranic acid. 

Geranial has the structural formula 


‘H : 
ce > C=CH.CHy-CH-C(CH)=cH.c# 


’ 
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since on oxidation it yields acetone, levulic acid (252), and carbon 
dioxide, the molecule breaking down at the double bonds: 


CH : ’ H 
CH, >C=—CH- oe -CH2-C(CHs)=CH-CG — 
yeranial 
CH3 4 ) ) 1 
=> CH >CO + HOOC-CH2-CH2-CO-CH3+C02+CO>. 
Acetone Levuliec acid Carbon dioxide 


When boiled with a solution of potassium carbonate, geranial 
takes up one molecule of water, forming methylheptenone and acetal- 
dehyde: 


CH = C=CH-CHy-CH,-C(CHs)=CH-cl 


CH3 
Geranial 
= on > C=CH-CHy-CH:-CO-CH; +CH,-cll 
Methylheptenone Acetaldehyde 


On oxidation, methylheptenone also yields acetone and levulic 
acid. This reaction indicates its constitution, which is further 
proved by synthesis. 

Baryta-water converts a mixture of geranial and acetone into 
a condensation-product, pseudovonone: 
(CH3) 2C—=CH - CH2-CH2-C(CH3)=CH - CHO + H2CH -CO-CH3= 


Geranial Acetone 


= H,0+(CH )sC=CH -CH»-CH,-C(CH3)=CH -CH=CH-CO-CHs. 


pseudolonone 


When boiled with dilute sulphuric acid, pseudoionone yields 
zonone: 


CH3 CHs CH; CH3 
SU 7 


O yes 
HC CH-CH:CH-CO-CH3—> H.C CH-CH:CH-CO-CHs. 
| 


| 
H.C -C-CH3 H.C _C-CHs 
WA VA 
CH» CH 


pseudolonone Ionone 
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The structure of ionone is proved by its decomposition-products. 
It is manufactured as an artificial perfume, as it has a powerful, 
violet-like odour, and is closely related to zrone, the active principle 


of violets. The formula of irone is 
CH; CH3 
~~ 
C 
ve~ 
HC CH-CH:CH-CO-CHs, 
Nee ant 
HC CH-CHs 
Ne 
CH, 


which differs from that of ionone only in the position occupied by 
the double bond in the carbon ring. 


COMPOUNDS CONTAINING MORE THAN ONE 
SUBSTITUENT. 


I, HALOGEN DERIVATIVES OF METHANE, 


150. The halogen derivatives of the saturated hydrocarbons 
obtained by replacement of a single hydrogen atom by halogen are 
called alkyl halides, and are described in 58. This chapter treats of 
the compounds formed by exchange of more than one hydrogen 
atom for halogen. 

It is possible to replace all four hydrogen atoms in methane, in 
successive stages, by the direct action of chlorine or bromine in 
presence of sunlight. Iodine does not react with methane, or with 
its homologues, while the action of fluorine is very energetic, effect- 
ing complete substitution. 

In practice, however, this is not the method adopted for the 
preparation of the compounds CH2X2, CHX3, or CX4. They are 
obtained from the trihalogen derivatives: these are readily prepared 
by another method, and on chlorination or bromination yield tetra- 
chloromethane or tetrabromomethane; on reduction they are con- 
verted into dihalogen-substituted methanes. On account of their 
important therapeutic properties, the compounds CH Xz are pre- 
pared on the large scale. 


Chloroform, CHCls. 


151. Chloroform is obtained by distilling aleohol—or on the 
manufacturing scale, acetone—with bleaching-powder. This reac- 
tion involves simultaneous oxidation and chlorination, and it is 
assumed that aldehyde is first produced by oxidation of the alcohol, 
and is then transformed into trichloroaldehyde, or chloral, CCl3-CHO. 

177 
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This substance is converted by bases, in this instance by the slaked 
lime present in the bleaching-powder, into chloroform and formic 
acid (201). 

Chloroform is a liquid boiling at 61°, and solidifying at —70°. 
Its specific gravity at 15° is 1-498: it is very slightly soluble in 
water, and possesses a characteristic ethereal odour and sweet taste. 
Its prolonged inhalation produces unconsciousness, whence it 
derives its value as an anesthetic in surgical operations. 


Its use for this purpose is not wholly unattended with danger. 
Notwithstanding the fund of experience resulting from the fre- 
quency of its application, it occasionally happens that the inhala- 
tion of chloroform is attended by fatal results. Ordinary ether and 
ethyl chloride are less dangerous, do not produce such disagreeable 


after-effects, and hence have latterly been preferred as anesthetics 
(63). 


Chloroform is a somewhat unstable substance, decomposing 
under the influence of light and air, and yielding chlorine, hydro- 
chloric acid, and carbon oxychloride, COClz. This decomposition 
can be almost prevented by adding one per cent. of alcohol, and 
keeping the chloroform in bottles of non-actinic glass. The preserva- 
tive action of alcohol probably depends upon its combination with 
the decomposition-products of the chloroform, thus preventing 
their exercising a catalytic, accelerating influence on the decom- 
position. The halogen atoms of chloroform take part in double 


decompositions: thus, sodium ethoxide yields the ethyl ester of 
orthoformic acid: 


CH|Cls +3Na}-OCsHs5= CH (OC2H5)3 +3NaCl. 


Formic acid.can be obtained by warming chloroform with dilute 
alkalis, orthoformic acid being probably formed first, although it 
has not been isolated. When chloroform is treated with a 40 per 
cent. aqueous solution of caustic potash, carbon monoxide is evolved: 
it is assumed that chloromethylene, CCly, is formed as an inter- 
mediate product. 

When chloroform is warmed with alcoholic ammonia and 
caustic potash, its three chlorine atoms are replaced by nitrogen, 
with production of potassium cyanide. The formation of ¢soni- 
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triles from chloroform, alcoholic potash, and primary amines, has 
been already mentioned (84). 


Methylene chloride, CH,Cl,, is obtained from chloroform by reduc- 
tion with zine and hydrochloric acid in alcoholic solution. It is a 
liquid, boils at 40°, and has a specific gravity of 1-337. 

Tetrachloromethane, or carbon tetrachloride, CCl,, produced by 
the action of chlorine on chloroform or carbon disulphide, is also a 
liquid, and boils at 76°. When heated with excess of water at 250° 
it yields HCl and CO,. Its specific gravity is 1-593 at 20°: the 
high specific gravities of these polychloro-compounds is noteworthy. 
The bromine and iodine compounds are specifically much heavier 
than the corresponding chlorine compounds. 

Bromoform, CHBr,, is obtained by methods analogous to the 
preparation of chloroform. It melts at 7-8°, boils at 151°, and has 
a specific gravity of 2-904 at 15°. It is used for therapeutic pur- 
poses. 


TIodoform, CHI3. 


152. lodoform is a substance of great importance, and is ob- 
tained from alcohol by the action of potassium carbonate and 
iodine. The intermediate product zodal, Cl3-CHO, analogous to 
chloral, has not been isolated. On the manufacturing scale acetone, 
being less expensive than alcohol, is often employed. 


Iodoform can also be prepared by the electrolysis of a solution 
containing 60 g. of potassium iodide, 20 g. of sodium carbonate, and 
80 c.c. of alcohol per 400 c.c., the temperature being kept between 
60° and 65°. Iodine is liberated at the anode, so that the alcohol, 
potassium carbonate, and iodine necessary to the formation of 
iodoform are all present in the mixture. By this method about 80 
per cent. of the potassium iodide is converted into iodoform, the 
remainder of the iodine being obtained as potassium iodate. The 
formation of iodate can be avoided to a great extent by surrounding 
with parchment the cathode, at which caustic potash is formed: 
this prevents contact of the potassium carbonate with the iodine set 
free at the anode. 


Todoform is a solid, and crystallizes in yellow hexagonal plates, 
well-developed crystals about a centimetre in length being obtained 
by the slow evaporation of a solution in anhydrous acetone. It 
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has a peculiar, saffron-like odour, sublimes very readily, and melts 
at 119°. 

These characteristic properties of iodoform make its formation an 
important test for alcohol, although aldehyde, acetone, and several 
other substances similarly yield iodoform. Substances containing 
the group CH3-C in union with oxygen answer to the vodoform- 
test. It is carried out by adding iodine to the liquid under examina- 
tion, and then caustic potash drop by drop until the colour of the 
iodine vanishes. If a considerable quantity of alcohol is present, 
a yellow precipitate forms at once: if only traces, the precipitate 
forms after a time. The reaction is sufficiently delicate to show 
traces of alcohol in a sample of well-water or rain-water, after con- 
centration by repeated distillation, the first fraction in each case 
being collected. 


Iodoform is employed in surgery as an antiseptic. It is note- 
worthy that it does not kill the bacteria directly, its action on the 
micro-organisms being subsequent to a decomposition resulting, 
under the influence of the heat of the body, from fermentation 
induced by the matter exuded from the wound. 


Methylene iodide, CHyl2, is a liquid, and is obtained by the 
reduction of iodoform with hydriodic acid; phosphorus is added to 
regenerate the hydriodic acid. Its specific gravity, 3-292 at 18°, 
is remarkably high. 


II. HALOGEN DERIVATIVES OF THE HOMOLOGUES OF METHANE. 


153. It is evident that among these derivatives numerous cases 
of isomerism are possible. For example, replacement by chlorine 
of three hydrogen atoms in normal pentane may yield several dif- 
ferent compounds: thus, a methyl-group may be converted into 
CCl3; two chlorine atoms may replace the hydrogen of one methyl- 
ene-group, while the third replaces another hydrogen atom in the 
molecule; or the three chlorine atoms may unite with different 
carbon atoms; and so on. 

The preparation of many of the halogen compounds included 
under this heading has already been described, the compounds 
CaHon41°CHX, and CpH yp 41°CX2-CqgH2q41 being obtained by the 
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-action of phosphorus pentahalide on aldehydes and ketones respect- 

ively (106). Compounds with two halogen atoms attached to two 
adjoining carbon atoms are obtained by addition of halogen to the 
hydrocarbons CnH>,; those having four halogen atoms, two being 
directly united to each of two adjoining carbon atoms, are produced 
by addition of halogen to hydrocarbons with a triple bond; while 
compounds of the type 


ORs an . CHX F CHX bd CrHo,: CHX id CHX 2 CmHom+4 


result on addition of halogen to the hydrocarbons C,H2,_4, con- 
taining two double bonds; ete. 

A method for the preparation of compounds rich in halogen 
from the saturated hydrocarbons is the exchange of one hydrogen 
atom-for halogen, elimination of hydrogen halide by means of alco- 
holic potash, halogenation of the hydrocarbon CnHy», thus obtained, 
removal of HX, renewed halogenation of the product, and sc on. 

CH3 -CH3 aaa CH3 -CH,CI— HCl = CH,:CHe +2Cl <2, 


Ethane Ethyl chloride Ethylene 


— CH2Cl-CH2Cl—2HCl — CH=CH +4Cl > 


Ethylene chloride Acetylene 


—CHCls-CHCl,— HCl — CHC1: CCl, +2Cl > 


Tetrachloroethane Trichloroethylene 


— CHCl,z-CCl3— HC! — CCl2:CCle +2Cl — CCl3-CCls. 


Pentachloroet hane Tetrachloroethylene Hexachloroethane 


A method for the preparation of polybromo-compounds was 
discovered by Victor Meyer, and involves the direct action of 
bromine on the hydrocarbons of the series C,H2n42 in presence of a 
small quantity of anhydrous iron bromide, or iron-wire. These 
conditions greatly facilitate substitution, each carbon atom of a 
normal chain taking up only one bromine atom. Thus, propane 
yields tribromohydrin, CH2Br-CHBr-CH Br, since the product is 
identical with the addition-product obtained by the action of bro- 
mine on allyl bromide, CH2:CH-CH2Br (135). 

When many of the hydrogen atoms of a hydrocarbon C,Hon+2 
have already been replaced by chlorine or bromine, it is no longer 
possible to substitute hydrogen by the direct action of a halogen: 
thus, chlorine has no action on pentachloroethane. MouNnryrat 
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has, however, found that substitution readily takes place in presence 
of a small quantity of aluminium chloride, which first splits off 
hydrogen halides. With aluminium chloride pentachloroethane 
yields tetrachloroethylene, and the addition of halogen takes place 
at the double bond thus formed, the product being hexachloroethane. 


Nomenclature and Individual Members. 


154. The notation adopted by the Chemical Society of London 
is that ‘In open-chain compounds Greek letters must be used to 
indicate the position of a substituent, the letter @ being assigned 
to the first carbon atom in the formula, except in the case of CN, 
CHO, and CO.H.” Thus, CH3-CHy-CH2-CHyI is a-iodobutane; 
CH3-CH2-CH2-CN a-cyanoprcpane; CH2Br-CH,-CH2Br aa’- 
dibromopropane; CH2Br-CHBr-CH3 a@-dibromopropane. 

Only a few of the numerous compounds of this group will be 
described. 

Ethylene bromide is employed for syntheses and as a solvent. 
It is prepared by passing ethylene into bromine covered with a 
layer of water to prevent evaporation, the addition taking place 
very readily. Ethylene bromide is a colourless liquid of agreeable 
odour, solidifies at 8°, boils at 131°, and has a specific gravity of 
2-189 at 15°. 


Ethylene chloride, CH,Cl-CH.Cl, is called “ Dutch Liquid,”’ or the 
“Oil of the Dutch Chemists,” it having been first prepared at the 
end of the eighteenth century by four Dutch chemists, Drian, 
Bonpt, Parts vAN Troostwyk, and LAuWERENBURGH, by the 
action of chlorine upon ethylene. It is a liquid boiling at 84-9°, 
and has a specific gravity of 1-28 at 0°. 

Hexachloroethane (perchloroethane), C,Cl,, is formed by the direct 
union of carbon and chlorine under the influence of a powerful arc- 
discharge between carbon poles in an atmosphere of chlorine. 

Trimethylene bromide, CH,Br-CH,-CH,Br, «a’-dibromopropane, 
also plays an important part in syntheses, and is obtained by addi- 
tion of HBr to allyl bromide, CH,:CH-CH,Br, produced from allyl 
alcohol. This method of formation suggests the constitution 
CH,-CHBr-CH,Br, that of the addition-product obtained by the 
action of bromine upon propylene, CH,-CH:CH,. Since the two 
compounds are not identical, trimethylene bromide must have the 
aa’-formula. It is a liquid, boiling at 165°, and has a specific gravity 
of 1-974 at 17°. 
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Ill. POLYHYDRIC ALCOHOLS. 


155- When more than one hydrogen atom of a saturated hydro- 
carbon is replaced by hydroxyl, it is theoretically possible to have 
more than one hydroxyl-group in union with a single carbon atom, 
or to have each attached to a different one. It should be possible 
to obtain compounds of the first class by replacement of halogen 
by hydroxyl in the halogen derivatives R-CHX,2, R-CXz3, and 
R-CX_-R’. Silver acetate converts halogen compounds of this 
type into stable acetates, such as CO sare On saponifica- 
tion, however, dihydric alcohols like CH2(OH), are not obtained, 
but aldehydes result by elimination of one molecule of water. When 
compounds of the type RCCls are treated with sodium ethoxide, 
substances with the general formula R-+C(OC2Hs5)3, called ortho- 
esters, are obtained. On saponification R-C(OH)s3 does not result, 
the corresponding acid being formed instead, through loss of water. 
Ethers of dihydrie alcohols, such as CRERORS are known, 

2t5 
and are called acetals (113, 2). The saponification of these sub- 
stances does not yield R-CH(OH)2, but an aldehyde. It follows 
from these facts that compounds with more than one hydroxyl-group 
attached to the same carbon atom are unstable, although it is sometimes 
possible to obtain such compounds (201, 249, and 253). 

Many compounds are known containing several hydroxyl- 
groups, of which not more than one is in union with each carbon 
atom. 


1. Glycols or Dihydric Alcohols. 


156. The glycols are obtained from the corresponding halogen 
compounds analogously to the monohydric alcohols (43): 


Br+Ag}-O-OC-CH3 CH2:|O-OC-CH3+H]-OH CH,-OH 


— CHo 
| | 
-|Br+Ag!-O-OC-CH3 CH»-|O-OC-CH3+H|-OH CH»2-OH 


Trimet hylene Trimethyleneglycol Trimethylene- 
bromide diacetate glycol 


—> CHg 
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The exchange of halogen for hydroxyl can be brought about by 
treatment with acetate of silver or the acetate of an alkali-metal, 
and saponification of the diacetate thus obtained. It can also be 
effected directly by boiling with sodium-carbonate solution, or water 
and lead oxide. 


Glycols of the type R-CHOH-CHOH-R, with the CHOH- 
groups in direct union, are formed from olefines either through the 
medium of their bromine addition-products, or by the direct addi- 
tion of two OH-groups by means of careful oxidation with potassium 
permanganate. Thus, ethylene yields the simplest dihydric alcohol, 
called glycol: 


CH2:CH2+H,0 +O =CH,0H-CH,0H. 


Another method for the formation of glycols of this type consists 
in the reduction of ketones. This may be either carried out with 
sodium in aqueous solution, or by electrolysis. Acetone yields pina- 
cone and isopropyl alcohol. Glycols of the type of pinacone—called 
pinacones—can. be obtained without admixture of a secondary alco- 
hol by reduction of aldehydes or ketones with magnesium-amalgam, 
addition-products being first formed with evolution of heat: 


H 


2CH;-CG 


+Mg —CH,-CH—CH.CH,. 
O-Mg-O 


or ESR BUR IP ea Cy 
3 | 3 
O-Mg-O 
Water decomposes the addition-product, with formation of the 
pinacone: 
CH CH CH; 
CH,” ‘cay <CH,+2H,0 =Cies C(OH)—C¢ (OH) + MgO. 
: CH, 
O-Mg-O 


The constitution of pinacone is indicated by its synthesis: 


CH,-CO-CH, H  CH,-C(OH)-CH, 


— 


: 
CH;-CO-CH, H  CH,-C(OH)-CH, 


Acetone Pinacone 
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When distilled with dilute sulphuric acid, pinacone undergoes a 
remarkable intramolecular transformation, explicable on the assump- 
tion that a hydroxyl-group changes place with a methyl-group: 


OH 7 AE 
(CH,),C(OH)-C—CH;, — (CH;),C-C—|O H — H,O = (CH,),C-CO-CH3. 
Pinacone NCH, ~ CH; Pinacolin 


The constitution of pynacolin may be deduced from its synthesis by 
the action of zinc methide on trimethylacety] chloride, (CH,),C-COCI, 
and in other ways. 


Most of the glycols are colourless, viscous liquids of sweet taste, 
whence the series derives its name. Their boiling-points and speci- 
fic gravities are considerably higher than those of the monohydric 
alcohols with the same number of carbon atoms. ‘Thus, glycol boils 
at 197-5°, and ethyl alcohol at 78°: at 0° the specific gravity of 
glycol is 1-128, and of ethyl alcohol 0-806. The nature of the 
hydroxyl-groups in glycol and that in the monohydric alcohols is 
perfectly analogous: exchange of OH for halogen, the formation of 
ethers, esters, and alkoxides, and the oxidation of primary glycols 
to aldehydes and acids, may take place in connection with one or 
both of the hydroxyl-groups. For instance, the compounds 
CH2OH-CH2Cl, glycolchlorohydrin; CH20C2Hs:-CH20H, glycol- 
monoethyl ether; CH2gOC2H5-CH20C2H5, glycol diethyl ether; etc.; 
are known. The glycols possess, however, one property due to the 
presence of two hydroxyl-groups, the power of forming anhydrides. 
The first member of the series, glycol, CHpOH-CH2OH, does not 
yield an anhydride by the direct elimination of water, but a com- 
pound of the formula C2H,O is obtained by first replacing one 
hydroxyl-group by Cl and then eliminating HCl: 


CH,Cl Cn 
CH.OH CH 
Glycolchlorohydrin Ethylene oxide 


This compound, ethylene oxide, boils at 14°, and is therefore gas- 
eous at ordinary temperatures: it readily takes up water, forming 
glycol; or hydrochloric acid, forming glycolchlorohydrin. To 
ethylene oxide is assigned the constitutional formula indicated, 
because it yields ethylene chloride when treated with phosphorus 
pentachloride, the oxygen atom being replaced by two chlorine 
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CH 
atoms. If the compound had the constitution || : , which is 
CHOH 
also possible but less probable (136), it would not yield ethylene 
chloride when thus treated. 

Some of the higher homologues of glycol with a chain of four 
or five carbon atoms between the hydroxyl-groups yield anhydrides 
with a constitution analogous to that of ethylene oxide. They 
show a marked diminution in the power of forming addition~ 
products with water; or, in other words, the closed chain of carbon 
atoms and one oxygen atom is more stable than in ethylene oxide 
itself. 


2. Trihydric Alcohols. 


157. The principal representative of the group of trihydric 
alcohols is glycerol, or ‘‘glycerine,” Cs3H;(OH)3. In accordance 
with the rule that two hydroxyl-groups cannot attach themselves 
to the same carbon atom, glycerol can only have the structure 


CH,OH-CHOH-CH,OH. 


This structure finds support in other proofs. 

1. On careful oxidation of allyl alcohol by means of potassium 
permanganate, two OH-groups are added at the position of the 
double bond: 


CH2:CH-CH,OH — CH,0H-CHOH-CH,OH. 


2. When glycerol, C3HgQOs, is carefully oxidized, glyceric acid, 
C3H¢O4, is first formed, corresponding to the formation of acetic 
acid, C2H4O02, from ethyl alcohol, C2HgO, by exchange of two 
hydrogen atoms for one oxygen atom: this indicates that glycerol 
contains one —CH,OH-group. Further oxidation converts gly- 
ceric acid into tartronie acid, C3H4O5, two hydrogen atoms being 
replaced by one oxygen atom, with formation of a new carboxyl- 
group. Hence, glycerol contains two -—-CH2OH-groups in the 
molecule, so that its constitution is CH,O0H-CH.O-CH;OH. 
Since tartronic acid, COOH -CH2,O0-COOH, still possesses alcoholic 
properties, the group CHO must have the constitution >CHOH, 
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and since it must have the same constitution in the molecule 
of glycerol, the structure of the latter is proved to be 
CH,OH -CHOH -CH.OH. 

3. A further proof of the constitution given above is the forma- 
tion of glycerol from tribromohydrin (153). 

Glycerol is a colourless, oily liquid of sweet taste, is very 
hygroscopic, and miscible in all proportions with water and 
alcohol, but insoluble in ether. When cooled to a low tempera- 
ture for some time, it solidifies, but the crystals thus formed do 
not melt below 17°. It boils at 290°, and has a specific gravity of 
1-265 at 15°. Its chemical behaviour accords completely with 
the constitution of a trihydric alcohol. Thus, it yields three 
esters, by replacement of one, two, or three hydroxyl-groups. 
When borax is dissolved in glycerol or in a solution of this sub- 
stance and the mixture introduced into the flame, the green colour 
characteristic of free boric acid is observed: on this reaction is 
based SENIER’s test for glycerol. 

Since glycerol is a substance which plays a very important part in 
the economy of nature as a constituent of the fats (159), its synthesis 
from its elements is of great interest. This waseffected by FrrepEL 
and Sinva, the starting-point being acetic acid. This substance can 
be synthesized from its elements in several ways, for example by 
the oxidation of acetaldehyde obtained by the action of water on 
acetylene (132). The dry distillation of calcium acetate gave ace- 
tone, which was reduced to isopropyl alcohol. On elimination of 
water from this alcohol, propylene was formed, and on addition of 
chlorine, was converted into propylene chloride, from which tri- 
chlorohydrin was obtained by treatment with iodine chloride.  Tri- 
chlorohydrin was converted into glycerol by heating with water at 
L702: 


CH,-COOH — CH,-CO-CH; — CH,;-CHOH-CH; — CH,-CH:CH, > 


Acetic acid Acetone isoPropy! alcohol Propylene 


— CH,-CHCI-CH,Cl > CH,Cl-CHCl-CH,C] > CH,OH-CHOH-CH,OH. 


Propylene chloride Trichlorohydrin Glyceroi 


158. Several compounds, difficult to prepare otherwise, can be 
obtained from glycerol. Among them are ally] alcohol, allyl iodide, 
acrolein, and isopropyl! iodide. : 

Allyl alcohol, CH2:CH-CH2OH, can be prepared from glycerol 
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by heating it with oxalic acid, COOH-COOH. Glyceryl mono- 
formate or monoformin, 


CH.OH-CHOH:-CH»-OCO CH,OH-CH-CH20H 
H or | H ; 
OCo 


is first produced, as under these conditions oxalic acid loses one 
molecule of carbon dioxide, yielding formic acid, |COO|H—COOH, 
which combines with the glycerol to produce monoformin. When 
heated more strongly, this decomposes into allyl alcohol, water, 
and carbon dioxide: 


CH,OH -CH|OH|CH,[0 -CO] CH,OH-CH—CH,|O0H 
pay O-CO|H : 


Allyl iodide is obtained by the action of phosphorus and iodine 
on anhydrous glycerol: 


CH.{OH CHI CH, II CH, 
CH |OH+Pils = CHI+PO3Hs; _—CHi |1|-21 = CH 
CH,|OH CHoI CH.I CHoI 


The tri-iodohydrin, C3Hs5I3, probably formed as an intermediate 
product in this reaction is unstable, and at once loses two atoms 
of iodine, vielding allyl iodide. 

Acrolein (147) results by elimination of water from glycerol: 


OHH 
CH,-C—CHOH. 
|OH H] 
CH2:C:CHOH should be obtained, but immediately changes to 
acrolein, CH2:CH-Ca (136). 


isoPropyl todide is formed by the addition of water to a mix- 
ture of glycero] with iodine and phosphorus. In this reaction, 
propylene, CH3-CH:CHg2, is an intermediate product, and is 
evolved in the free state if insufficient hydriodic acid is present. 
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By the addition of HI, produced by the interaction of iodine, 
phosphorus, and water, isopropyl iodide is formed from the pro- 
pylene thus generated: 


CH; -CH: CHg +H! — CH3-CHI-CHs3. 


Propylene 7soPropy] iodide 


Formic acid (88) is usually prepared by the action of glycerol 
on oxalic acid. As previously mentioned, when these substances 
are heated together, carbon dioxide is evolved, and glyceryl 
monoformate produced. Formic acid is obtained from the latter 
by saponification, the glycerol being simultaneously regenerated 
by the addition of a fresh quantity of oxalic acid, CoH2O4-2aq, 
the water of crystallization saponifying the ester, and the 
formic acid distilling over. The glycerol thus regenerated 
is again converted into monoformin by the freshly-added oxalic 
acid, and the ester once more decomposed by the addition of a 
further quantity of oxalic acid, and so on. It is thus possible 
to convert unlimited quantities of oxalic acid into formic acid by 
means of a given quantity of glycerol. 

159. Glycerol occurs in nature in large quantities in the form 
of esters. The fats and oils are glyceryl tri-esters of the higher 
fatty acids and of oleic acid: glycerol and the fatty acids are ob- 
tained from them by saponification (91 and 101). 

Saponification of the esters of polyhydric aicohols.——The saponi- 
fication of the tri-esters of glycerol with caustic soda or lime takes 
place in stages, the di-esters and mono-esters being formed as 
intermediate products, as can be readily proved. On complete 
saponification, pure tristearin, or glyceryl tristearate yields only 
stearic acid and glycerol, so that if no intermediate products are 
formed, a partially-saponified portion, in which the soap produced 
has been decomposed by hydrochloric acid, and the glycerol removed 
by washing with water, should contain only unchanged tristearin 
and stearic acid. Neither tristearin nor stearic acid can yield acetyl- 
derivatives with acetic anhydride. If the saponification takes place 
in stages, monostearin and distearin should be formed, and the free 
hydroxyl-groups of the glyceryl-residue in these compounds should 
react with acetic anhydride to form acetyl-compounds. On treat- 
ment with this anhydride, and subsequent complete saponification, 
acetic acid should be among the products, and it has been proved 
by experiment that this is so. 


190 ORGANIC CHEMISTRY. [§ 160 


When glycol diacetate and glyceryl diacetate are saponified 
with very dilute hydrochloric acid, the velocity of saponification 
for each compound differs at the various stages. It has been stated 
that the ratio of the velocity-constant of glycol diacetate to that 
of the monoacetate is as 2:1, the corresponding ratio for the glyceryl 
tri-esters, di-esters, and mono-esters being as 3:2:1. It is obvious 
that during saponification a molecule containing n acid-radicals 
will encounter the hydroxyl-ions or hydrogen ions 7 times as often 
as if only one were present. It follows that in the saponification 
of poly-esters, the ratio of the velocity-constants of the individual 
stages must correspond with that of the acid-radicals present in 
each stage. 


Inversely, the fats can be synthesized from glycerol and the 
fatty acids: for instance, tristearin is obtained by heating glycerol 
with excess of stearic acid under reduced pressure at 200° until 
separation of water ceases. 

Many fats gradually become rancid, and develop a disagreeable 
smell and taste. This is due to atmospheric oxidation, which is 
facilitated by the influence of light. The unsaturated fatty acids 
become converted into others containing a smaller number of car- 
bon atoms, and with a characteristic odour and taste. 

160. Glycerol is extensively employed in the arts and in medi- 
cine. Qne of its most important applications is to the preparation 
of the so-called “nitroglycerine.” This explosive has a misleading 
name, since it is glyceryl trinitrate, 


CH20- NO» 
CHO-NOs, 
CH20-NO2 


and not a nitro-compound (75); for on saponification with alkalis 
it. yields giycerol, and the nitrate of the corresponding alkali-metal. 

Nitroglycerine is prepared by bringing glycerol into contact 
with a mixture of concentrated sulphuric acid and nitric acid, rise 
of temperature being prevented. After a time, the reaction-mixture 
is poured into water, whereupon the nitrate separates in the form 
of an oily, very explosive liquid of faint, headache-producing odour. 
It can be purified by washing with water, and when perfectly pure 
does not explode spontaneously. 
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Nitroglycerine is a liquid, and as its use in this form for technical 
purposes would be attended with difficulties, it is mixed with infu- 
sorial earth (‘‘kieselguhr’’), which absorbs it, forming a soft, plastic 
mass, dynamite, containing usually 75 per cent. of nitroglycerine and 
25 per cent. of the earth. Nitroglycerine can also be obtained in 
the solid form by dissolving in it a small amount of guncotton (228), 
which converts it into an elastic solid resembling jujubes in con- 
sistence, called “blasting gelatine.’’ This substance has the advan- 
tage over dynamite of not leaving any solid residue after explosion. 
Dynamite cannot be used as ammunition, its velocity of explosion 
being so great as to produce an impulse too violent for a gun to 
resist without bursting: that is, it exerts a “brisant” or detonating 
effect. 


3. Tetrahydric and Polyhydric Alcohols. 
161. Among the tetrahydric alcohols is erythritol, 
CH,OH -CHOH-CHOH-CH.OH, 


which is a natural product. It contains a normai carbon chain, 
since reduction with hydriodic acid converts it into n-secondary 
butyl iodide, CH3-CH1-CH»2-CHs3. 

Examples of pentahydric alcohols are arabitol and xylitol, 
Cs5H,205, which are stereoisomerides, as are also the hexahydric 
alcohols dulcitol and mannitol, CgeH,40¢6, both of which are found in 
nature. These all have normal carbon chains, since, like erythritol, 
they yield n-secondary iodides on reduction with hydriodic acid: 
thus, mannitol is converted into 


CH3-CH2-CHI-CH2-CH2-CHs3. 


They can be obtained artificially by the reduction of the corre- 
sponding aldehydes or ketones. ‘The reason for assuming their 
stereoisomerism is explained in 209, but here it may be pointed out 
that the polyhydric alcohols contain asymmetric carbon atoms, 
indicated in the formule by asterisks: 


* * 
CH,OH -CHOH-CHOH-CHOH-CH,0H; 


Arabitol and Xylitol 


* 
CH,OH-CHOH-CHOH-CHOH-CHOH-CH,OH. 


Dulcitol and Mannitol 
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The presence of polyhydric alcohols prevents the precipitation of 
the hydroxides of copper, iron, and other metals by means of alkalis. 
Thus, a solution of copper sulphate and glycerol does not yield a 
precipitate of copper hydroxide with caustic potash. This is due to 
the formation of soluble metallic compounds of the polyhydric 
alcohols, the hydroxyl-hydrogen being replaced by the metal. The 
acidic nature of the hydroxyl-group, almost lacking in the mono- 
hydric alcohols, is therefore in some measure developed by increase 
in the number of these groups present in the molecule. This prop- 
erty is possessed not only by the polyhydrie alcohols, but also by 
many other compounds containing several hydroxyl-groups (192). 


IV. DERIVATIVES CONTAINING HALOGEN ATOMS, HYDROXYL- 
GROUPS, NITRO-GROUPS, OR AMINO-GROUPS. 


162. Only a few-of the numerous compounds belonging to this 
class will be considered: the chemical properties of its members are 
determined by the substituents. 

No compounds containing halogen and hydroxy! in union with 
the same carbon atom are known: when their formation might be 
expected, hydrogen halide is eliminated, with production of alde- 
hydes or ketones. It has been mentioned more than once that 
stable alkyl-derivatives of compounds themselves unstable or un- 
known, such as the ortho-esters, exist (155). This is true in this 


instance, for while compounds of the type R-CH< ae are unknown, 


derivatives of the formula R-CH < Fs CHa are known. ‘These 
Ty n-+ 


substances are called chloroethers. When chlorine is passed into 
ethyl ether, kept cool and in the dark to avoid explosion, the 
hydrogen atoms are replaced by chlorine. The monosubstitution- 
product has the constitution . 


CH: -CH»-O : CHCI-CHs3, 


Monochloroether 


as is proved by the action of sulphuric acid, under the influence of 
which it takes up one molecule of water, forming ethyl aicohol, 
acetaldehyde, and hydrochloric acid: 
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CoH; H C,H;OH 
POs a= as a 
CH3-CHCL OH  CH;. eee 
TPR 6 C 3 CH< oy CH CHO +HCl. 


Compounds containing halogen and hydroxyl in union with 
different carbon atoms are obtained from the polyhydric alcohols 
by partial exchange of hydroxyl for halogen, and have the general 
name halogen-hydrins. Glycerol dichlorohydrin, C3H3(OH)Cly, is 
formed when a solution of glycerol in glacial acetic acid is saturated 
with hydrochloric-acid gas. It has the symmetrical formula 


CH,Cl-CHOH-CH,Cl, 


since it differs from the dichlorohydrin obtained by addition of 
chlorine to ally! alcohol, this having the constitution 


CH,OH-CHCI-CH,Cl. 


On treatment of both dichlorohydrins with caustic potash, em- 
chlorohydrin, 
CH2-CH-CH,2Cl, 
a 


O 
is obtained. 
Dinitro-compounds with both nitro-groups in union with the 
same carbon atom are formed from primary bromo-nitro-com- 
pounds by the action of potassium nitrite: 


CH3-CHBrNO:2 +KNO, = CH3-CH(NOz)2 +KBr. 


The hydrogen atom belonging to the carbon atom carrying the 
nitro-groups can be readily replaced by metals, so that these 
primary dinitro-compounds have an acidic character (311). 
Diamines with the two amino-groups attached to the same 
carbon atom are not numerous: most of them have their amino- 
groups in union with different carbon atoms. Some of these com- 
pounds are formed by the putrefaction of animal matter, such as 
flesh, and are classed as ptomaines with other basic substances 
similarly formed. Such are cadaverine (pentamethylenediamine), 
NH2-CHo2: (CHz)3-CHz-NH2, and putrescine  (tetramethylenedia- 
mine), NH2-CH2-(CH2)2-CHz-NHe. The constitution of these 
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substances has been proved by synthesis, pentamethylenediamine 
being thus obtained. Trimethylene bromide, Br-CH:-CH,-CH.- Br, 
is converted by treatment with potassium cyanide into trimethylene 
cyanide, CN-CH2-CH2-CH2-CN. This substance is reduced with 
sodium and boiling alcohol, which converts the CN-groups into 
CH2NH>2-groups (85), with formation of the diamine: 


CN CH.N He 
(CH2)3 = (CHe)s 
CN CH2N Hoe 


When pentamethylenediamine hydrochloride is heated, it loses 
one molecule of ammonia, and is converted into piperidine, which 
has the character of a saturated secondary amine. For this and 
other reasons (450) it is assigned a ring or cyclic formula: 


CH»y-CH2NHe CH,-CHy 
zk Vioe 
CHe2 —NH3 = CH, ye 
\\GH>-CH NH; \ CH» -CHe 
Pentamethylenediamine Piperidine 


When heated, tetramethylenediamine and trimethylenediamine 
yield analogous cyclic compounds, but less readily, whereas ethylene- 
diamine does not. 

A substance, partly amine and partly alcohol, should be men- 
tioned on account of its physiological importance: it is choline, 
Cs5H,502N, which is widely distributed in the vegetable kingdom. 
Its constitution is inferred from its synthesis by the interaction of 
trimethylamine and ethylene oxide in aqueous solution: 


(CH3)3N +CH»y-CHe /CH::CH20H 
+  \/  =(CH3)3N : 
OHH NOR 
Choline 


Ethylene oxide can also combine with substances like ethyl- 
amine, with formation of amino-alcohols. 


Choline is a constituent of a very complicated compound, 
lecithin, present in brain-substance, yolk of egg, many seeds, and 
elsewhere. It is glycerophosphoric acid in which the aleoholic 
hydroxyl-groups are esterified by palmitic, stearic, and oleic acid; 
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and the acidic hydroxyl-groups are combined with choline. Various 
lecithins are known: some of them probably contain more than one 
kind of acid-residue in the molecule. The native lecithins are always 
mixtures. 

On treatment with baryta-water, lecithin yields choline, one or 
more of the fatty acids named above, and glycerophosphorice acid. 
This acid 1s optically active, and has the formula 


CH,OH 
| 

H—C—OH 
| 
CH,-O—PO(OH),, 


the central C-atom being asymmetric. 
Lecithin, likewise, is optically active, and may have the formula 


CH,OR 

CHOR’ 

| 70H 
CH,-O—P: O 


~0—CH,-CH,-N(CH,),-OH, 


R and R’ being similar or dissimilar acid-radicals. 

The lecithins dissolve readily in alcohol, but with difficulty in 
ether. As the structural formula indicates, they yield salts with 
both bases and acids. 


POLYBASIC ACIDS. 


I. SATURATED DIBASIC ACIDS, CnHen-20,. 


163. Many isomerides of the acids C,H2,(COOH)2 are theoretic- 
ally possible, and differ from one another in the positions at which 
the carboxyl-groups are linked to the carbon chain. For many 
reasons, the most important are those with carboxyl-groups attached 
to the terminal carbon atoms of the normal chain, the aa’-acids 
(154). 

The general methods for the preparation of the dibasic acids 
and the monobasic acids are analogous. The former are produced 
by the oxidation of the corresponding glycols and aldehydes, and 
by the hydrolysis of the dinitriles, although many of them are pre~ 
pared by special methods. 


Physical and Chemical Properties. 


164. These acids are well-defined crystalline substances: those 
with more than three carbon atoms can be distilled in vacuo without 
decomposition. When distilled under ordinary pressure, many of 
them lose water. 

The melting-points of these acids exhibit the same peculiarity 
as those of the fatty acids (87): the members with an even number 
of carbon atoms have higher melting-points than those immediately 
succeeding them, with an uneven number of carbon atoms, as is 
seen from the table on next page. 

This relation is graphically represented in Fig. 32, which indi- 
cates that the melting-points of the even and uneven series approxi- 
mate more and more closely as the number of the carbon atoms 
increases. 

A similar peculiarity is displayed by other physical constants 
of these acids, that of the solubility in water being given in the last 
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column of the table. The solubility of the acids with an uneven 
number of carbon atoms is much greater than the solubility of those 
with an even number, and for both it diminishes with increase in 
the number of carbon atoms. 


Name. Formula. Sere salable y 100 Bat 
of Water. 

@xaliciachdsstacn tee COOH-COOH 189° * 10-2 at 20° 
Maloniceacider:. sss). COOH-CH,-COOH 132° 139-37 ”’ 15° 
Succinic acid. .......]| COOH-(CH.).-COOH 182° 5-14 7’ 14.5° 
Clubarieracidees ayer COOH - (CH2)3- COOH 98° 80-3 °” 14° 
MONO CROC 6 5 acaas COOH: (CH,),-COOH 153° 1-44 ’? 15° 
Pimelic acid... ..... COOH. (CH,);-COOH 105-5° 4-1 7? 29° 
Suberic acid........ COOH. (CH,),-COOH ane 0-142?’ 15.5° 
INAS EMO CVO 5 ceo mow COOH. (CH2),-COOH 108° 
Sebacic acid... ..... COOH. (CH:),-COOH 134.5° 0-1” 17° 
Nonanedicarboxylic 

ACI a hare eae te ters. COOH. (CH:),-COOH 110° 
Decamethylene- 

dicarboxylic acid. .} COOH -(CH2),.*>COOH BAS? 
Brassylic acid. ...... COOH.- (CH»):1-COOH Ae 
Dodecamethylene- 


dicarboxylic acid. .| COOH. (CH,),.-COOH WBS 


* Anhydrous oxalic acid. 


Oxalic acid is a very much stronger acid than its homologues, 
as the dissociation-constants indicate. For oxalic acid 104k is 


MELTING=POINTS 
a 
i 
JS 


120 
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= 
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P NuNeER OF CARBON ATOMS 


Fig. 32.—Grapuic REPRESENTATION OF THE MELTING-POINTS OF THE 
Acips CaHen-20,. ‘ 


about 1000, for malonic acid 16-3, and for succinic acid 0-65: for 
the remaining acids it has values which diminish with increase in 
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the number of carbon atoms, but are of the same order as the last 
number. The longer the carbon chain between the carboxyl- 
groups, the weaker is the acid (172). 


Oxalic Acid, C2.H204+2H,0. 


165. Between oxalic acid and formic acid there exists a genetic 
interdependence: it is possible to prepare formic acid from oxalic, 
or conversely, oxalic from formic acid. On rapidly heating potas- 
sium or sodium formate, hydrogen is evolved from the fusing 
mass, and potassium or sodium oxalate is produced: 


KOOC|H IKOOC 
+ He. 


a 


= | 
KOOC|H] = KOOC 


The reverse transformation of oxalic acid imto formic acid has 
already been described (158), and constitutes the ordinary method 
for the preparation of formic acid. 

Oxalic acid frequently results in the oxidation of organic sub- 
stances with nitric acid: thus, it is formed by the action of this 
acid on sugar. It is prepared on the manufacturing scale by heat- 
ing a mixture of caustic potash and caustic soda to the point of 
fusion along with sawdust. A formate is an intermediate pro- 
duct, and on further heating loses hydrogen, being converted into 
an oxalate. After cooling, the mass is lixiviated with water, the 
oxalate going into solution: the oxalic acid is then precipitated 
as calcium oxalate by the addition of milk of lime, and finally 
obtained in the free state by the action of sulphuric acid. 

The production of this acid by the interaction of carbon dioxide 
and potassium cr sodium at about 360°, and its formation by the 
hydrolysis of cyanogen, CN-CN, are of theoretical importance. 

Oxalic acid occurs in nature in different plants, chiefly in 
species of ovalis, in the form of potassium hydrogen, or calcium, 
salt. It is sometimes found as a crystalline deposit of calcium 
oxalate in plant-cells. It crystallizes with two molecules of water 
of crystallization, which it begins to lose at 30°. On careful heat- 
ing the anhydrous acid sublimes, but when strongly heated, either 
alone or with concentrated sulphuric acid, it decomposes into COs, 
CO, and H,0. A similar decomposition ensues when a solution of 
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uranium oxalate is exposed to sunlight, CO and CO, being 
energetically evolved. Oxalic acid is very readily oxidized: a 
volumetric method for its estimation depends upon the use of 
potassium permanganate in sulphuric-acid solution, each molecule 
of oxalic acid requiring one atom of oxygen: 


C2H,04+0 = 2CO2+H20. 


The oxidation with permanganate accords with the equation 
2KMn0O, +5C,H,O, + 3H,SO, = K,SO, +2MnSO, + 10CO, +8H,0. 


The manganese sulphate formed has a catalytic accelerating action 
on the process, so that, although the first few drops of permanganate 
solution are very slowly decolorized, after further addition of per- 
manganate the disappearance of the colour is instantaneous. When 
manganese sulphate is added to the oxalic-acid solution before the 
titration, the permanganate is at once decolorized. 


Only the salts of the alkali-metals are soluble in water. Calcium 
oxalate, CaC2O4,2aq, is insoluble in acetic acid, but soluble in 
mineral acids (‘‘Inorganic Chemistry,” 259): its formation serves 
as a test both for caletum and for oxalic acid. As a dibasic acid, 
oxalic acid yields both acid and normal salts, and the so-called 
quadroxalates are known—compounds of one molecule of acid salt 
with one molecule of acid: among these is ‘‘salt of sorrel,” 
KHC20,4+H2C204+2aq. A great number of complex salts of 
oxalic acid are known: many of them contain alkali-metals, and 
are soluble in water. They are employed in electro-analysis. 


A type of these complex salts is potassiwm ferrous oxalate, 
K,Fe(C,0O,),, which yields a yellow solution. This indicates the 
presence of a complex ion, probably (Fe(C,0,),)”, since ferrous salts 
are usually light-green. Potassium ferrous oxalate is a strong reduc- 
ing agent: it is employed for the development of photographic plates. 

Potasstum ferric oxalate, K,Fe(C,O,);, yields a green solution, 
which must, therefore, also contain a complex ion, possibly 
(Fe(C,0,)3)’". Its solution is rapidly reduced by sunlight, in accord- 
ance with the equation 


2K,Fe (C,0,)3 = 2K,Fe (C,0,), + K,C,0, + 2CO,. 


This property is made use of in the preparation of platinotypes. 
The photographic negative is placed upon a sheet of paper saturated 
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with potassium ferric oxalate: reduction to ferrous salt only takes 
place where the light is transmitted through the negative, and when 
the paper is placed in a solution of a platinum salt, the metal is only 
deposited on the parts coated with potassium ferrous oxalate. 


Dimethyl oxalate is solid, and melts at 54°: it is employed in 
the preparation of pure methyl alcohol. Dzethyl oxalate is a liquid. 
Both are prepared by distilling a solution of anhydrous oxalic 
acid in the absolute alcohol. 

Oxalyl chloride, COC1-COCI, is prepared by the interaction of 
two gramme-molecules of phosphorous pentachloride and one 
gramme-molecule of oxalic acid. It is a colourless liquid, boils at 
64°, and at — 12° solidifies to white crystals. When its vapour is 
brought into contact with steam, oxalic acid and hydrochloric 
acid areformed. Liquid water, however, converts it quantitatively 
into carbon dioxide, carbon monoxide, and hydrochloric acid. 

Oxamide, CONH2-CONHg, is a white solid, nearly insoluble in 
water, alcohol, and ether, and is obtained as a crystalline precipi- 
tate by the addition of ammonia to a solution of a dialkyl oxalate. 
The monoamides of the dibasic acids are called amic acids, that 
of oxalic acid being oxamic acid, CONH2-COOH. It is a erystal- 
line compound, readily soluble in cold water, and insoluble in 
alcohol. 


Malonic Acid, COOH-CH2-COOH. 


166. The constitution of malonic acid is proved by its synthesis 
from monochloroacetic acid. When an aqueous solution of potas- 
sium monochloroacetate is boiled with potassium cyanide, cyano- 
acetic acid is formed, and can be converted into malonic acid by 
hydrolysis of the nitrile-group: 


Cl CN COOH 
CH < Goon > @H2< coon > CH2< coor: 
Monochloroacetic acid Cyanoacetie acid Malonic acid 


Malonic acid is a crystalline substance: some of its physical 
properties are given in the table in 164. When heated somewhat 
above its melting-point, it loses one molecule of carbon monoxide, 
being converted into acetic acid: 


COOH-CH2-|COO|H = CO. + COOH-CHs. 
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It is found that when a compound with two carboxryl-groups in wnion 
with one carbon atom is heated above its melting-point, its molecule 
loses one molecule of carbon dioxide. 

The most important derivative of malonic acid is diethyl malo- 
nate, many important syntheses being accomplished by its aid. It 
is a liquid of faint odour, boiling at 198°, and having a specific 
gravity of 1-061 at 15°. On treatment with sodium, in the pro- 
portion of one atom to each molecule of ester, hydrogen is evolved, 
and the diethyl malonate converted into a solid mass. In this 
reaction, hydrogen is replaced by sodium, yielding diethyl mono- 
sodiomalonate, a compound of the structure 


COOC2H; 
CHNa 
COOC2H; 


This is proved by treating it with an alkyl halide (iodide), a sodium 
halide and an ester being obtained: 


CoH; I +Na|CH(COOC2Hs)2 == CoH;-CH (COOC2Hs)2 +Nal. 


On saponification, this ester yields a homologue of malonic acid. 

If two atoms of sodium, instead of one, react with one molecule 
of diethyl malonate, two hydrogen atoms are replaced. Both of 
these hydrogen atoms are in the methylene-group, because, on 
treatment of the disodio-compound with two molecules of an 
alkyl iodide, the two sodium atoms are replaced by alkyl, with 
production of a substance which on saponification is converted into 
a homologue of malonic acid: 


COOC2Hs5 COOC2H; 
C[Nag+21|CoH, = 2Nal +C(CoHs)2 . 
COOC2H; COOC2Hs5 


It is also possible to introduce two different alkyl-groups into 
diethyl malonate. Thus, when diethyl monosodiomalonate is treated 
with methyl iodide, the diethyl ester of methylmalonic acid is 
formed: on treatment with sodium this again yields a sodio-com- 
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pound, which is converted by ethyl iodide into the diethyl ester 
of methylethylmalonic acid. 

From these examples it is evident that it is ate to synthe- 
size a great number of dibasic acids from diethy! malonate. More- 
over, since all these acids contain two carboxyl-groups linked to 
the same carbon atom, and have in common with malonic acid the 
property of losing COz when heated above their melting-points, 
it is evident that the so-called ‘‘malonic-ester synthesis” is also 
available for the preparation of the monobasic fatty acids. Thus, 
methylethylmalonic acid loses COz on heating, yielding methyl- 
ethylacetic acid, identical in constitution with active valeric acid 
(51), and resoluble into two active components: 


COOH COOH 
CH,:C-CsHs = CHs-C-CoHy. 
COO|H H 


Methylethylmalonic Valeric acid 
acid 


The malonic-ester synthesis is much employed in the prepara- 
tion of acids, and will be the subject of frequent reference. 


Details of the malonic-ester synthesis—One gramme-molecule of 
diethyl malonate is mixed with a ten per cent. solution of sodium 
ethoxide (1 equivalent) in absolute alcohol, obtained by the action 
of sodium on alcohol. To this mixture is added one gramme-mole- 
cule of an alkyl iodide, and the reaction-mixture heated on a water- 
bath under a reflux-condenser until the liquid is no longer alkaline. 
After the alcohol has been distilled off, the residue is treated with 
water to dissolve the sodium iodide formed, and the diethyl alkyl- 
malonate extracted with ether. The ethereal solution is dried over 
calcium chloride, the ether distilled, and the residue purified by 
fractionation. 

If it is desired to introduce two alkyl-radicals or other groups, 
two equivalents of sodium ethoxide and two gramme-molecules of 
an alkyl iodide are employed. When two different groups are to be 
substituted, one of them is first introduced into the molecule, and 
on subsequent treatment with a second gramme-molecule of sodium 
ethoxide and of alkyl! iodide, the diethy] dialkylmalonate is produced. 
Otherwise, the procedure is identical with that described above. 


§ 167] CARBON SUBOXIDE AND SUCCINIC ACID. 203 


Carbon suboxide, C302, is formed by the distillation of dry 
malonic acid with ten times its weight of phosphoric oxide: 


C@H2(COOH).=C30,+2H,0, 


This mode of formation indicates that carbon suboxide has 
the constitutional formula 


: oe 
Nco 


It is a gas of very pungent odour, which can be condensed to a 
liquid boiling at 7°. With water, it regenerates malonic acid, and 
may, therefore, be regarded as an anhydride of this acid. The 
true anhydride, 


CH. <0, 


analogous to the anhydrides of the higher homologues of malonic 
acid, is unknown. 


Succinic Acid, COOH-CH2-CH2-COOH. 


167. Succinic acid is a crystalline substance, melting at 182°, 
and dissolving with difficulty in cold water. It is present in 
amber, in fossilized wood, and in many plants, and can be syn- 
thetically prepared by the following methods. 

1. From ethylene bromide by treatment with potassium cya- 
nide, which converts it into ethylene cyanide, CN-CH2-CH2-CN: 
on hydrolysis, this yields succinic acid. 

2. From malonic acid by treating diethyl monosodiomalonate 
with ethyl monochloroacetate: 


(COOC2H;)sCH [Na +Cl|HC-COOC2H; = 
= NaCl+ (COOC2Hs5) 9CH C CH, c COOC2Hs. 


In this reaction an ester of ethanetricarboxylic acid is formed; 
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and when heated above its melting-point, the corresponding acid 
loses COg, yielding succinic acid: 


CH2-COOH CH2-COOH 

. > e . 

COO|/H-CH-COOH CH,-COOH 
Succinic acid, and symmetrically substituted succinic acids, 
can also be obtained by the action of an ethereal solution of iodine 


or bromine upon diethyl! monosodiomalonate or its monoalkyl- 
derivatives: 


COOC2H5 COOC2H5 COOC,H; COOCsHs 
A-C[Na_+lp+NalC-A’ =A-C —2GuAl = a oNals 
COOC2H; COOC,H; COOC,H; COOC.H; 
A= Hydrogen or alkvl Tetracarboxylic ester 


By saponification, and elimination of CO., the ester formed is con- 
verted into the dibasic acid: 


COOH COOH 
A-C——C.A’ 


[COO|H [COO|H 


A -CH-COOH 
AUCH-COOH (2 


Electro-synthesis of Dibasic and Other Acids. 


168. When the aqueous solution of an ester-salt of a dibasic 
acid is electrolyzed, the metallic ion goes to the cathode, the anion 
to the anode: ; 

Anion Cathion 


C,H,0-OC-CH,-COO K . 


Ethyl potassium malonate 


This anion, however, is not stable; after being discharged at the- 
anode, it decomposes into carbon dioxide and C2.H;00C-CH.—, 
and two of these residues unite to form diethy! succinate: 


C2H;00C -CH:—CH2-COOC2Hs. 
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By this method it is possible to synthesize the higher dibasic 
acids from the lower. A high current-density is necessary; that is, 
the number of ampéres entering or leaving the electrode per square 
centimetre of surface. This is attained by employing a very small 
anode. The concentration of the anions discharged at the anode 
is proportional to the current-strength—the number of ampéres— 
so that with a high current-density there is a great number of dis- 
charged anions at the anode, and these can interact readily. 

This synthesis of dibasic acids is an extension of an electro- 
synthesis carried out long ago by Koper. He showed that on 
electrolysis a solution of potassium acetate yields ethane: 


CH;-(COO K CH, 
— . . 
CH3-|COO K CH3 
Anion Cathion 


Many other extensions are known: thus, a mixture of a salt of a 
monobasic fatty acid and an ester-salt yields at the anode the 
ester of a monobasic acid: 


CH;-|COO[K + K]OOC- |CH,-CH,-COOC;.H; > 


Potassium acetate Ethyl potassium succinate 


= CH3 -CHe -CHyg c COOC2Hs. 


Ethyl butyrate 


Formation of Anhydrides. 


169. Oxalic acid and malonic acid do not yield anhydrides (166), 
while succinic acid, CgHgO4, and glutaric acid, CsHgO4, do so very 
readily. The formation of anhydride is due to the elimination of one 
molecule of water from one molecule of the dibasic acid, as is proved 
by a determination of the molecular weights of the anhydrides: 


CH,—COO|H CHy—CO. 

l AS ee 0; 
CH,—CO|OH CH,—Cco 

Suceinie anhydride 

GH, REPAE Oe =  Clt O. 

\CH.—CO|OH CHS CO 


Glutaric anhydride 
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These anhydrides are reconverted into the ae dibasic 
acids by dissolving them in water. 


A derivative of succinic acid, succinimide, | DN H, has 
CH 


a ring of four carbon atoms and one nitrogen atom: it is formed 


Fic. 33.—SpaciaL REPRESENTATION OF THE BONDS BETWEEN 2-5 
C-ATOMS. 


by the rapid distillation of ammonium succinate. The atoms situ- 
ated at the extremities of a carbon chain of four or five C-atoms 
interact very readily: those in shorter chains only interact with 
difficulty, or not at all. Analogous phenomena are the elimina- 
tion of one molecule of water from aa’-glycols (156), and of 
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ammonia from aa’-diamines (162), both very readily effected 
from a carbon chain of four or five C-atoms, but impossible, or 
leading to the formation of very unstable compounds, when the 
chain is shorter. A satisfactory explanation of these phenomena, 
and others of the same type, may be attained by a consideration 
of the direction of the bonds in space. It was assumed (52) 
that the four affinities of the carbon atom are directed towards 
the angles of a regular tetrahedron with the carbon atom at 
the centre. For a single bond between two carbon atoms it is 
assumed that one affinity of each of these atoms is linked to one 
affinity of the other (Fig. 33). The position in space of the C-atoms 
in a chain of three or more members, and the direction of their 
affinities, are represented in the figure. 

It is evident that in a normal chain of four C-atoms the affinities 
at the extremities approach one another closely, and in a chain of 
five C-atoms still more closely, so that they can interact readily. 

A few instances of compounds with a closed cham containing 

CHy-CHe 
only two C-atoms, such as ethylene oxide, a , are known. 


The figure indicates that for two C-atoms the direction of the affin- 
ities must undergo a considerable change to render the formation of 
a ring possible. Such compounds are unstabie, the closed chain 
being very readily opened, as is indicated by the “strain-theory ” 
of von BAEYER (129). 
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Il. UNSATURATED DIBASIC ACIDS. 
Fumaric Acid and Maleic Acid, CyH40x. 


170. The most important members of the group of unsaturated 
dibasic acids are fumaric acid and maleic acid, both with the formula 
C,H,O,. They have been much investigated, a complete explana- 
tion of their isomerism having been finally arrived at by an appli- 
cation of the principles of stereoisomerism. 

Fumaric acid is somewhat widely distributed in the vegetable 
kingdom. It does not melt at the ordinary pressure, but sub- 
limes at about 200°: it dissolves with difficulty in water. Maleic 
acid is not a natural product: it melts at 130°, and is very readily 
soluble in water. 

Both acids can be obtained by heating malic acid (190), 


COOH-CHOH-CH2-COOH, 


the result depending on the temperature and duration of the reac- 
tion. Fumaric acid is the principal product when the temperature 
is maintained at 140°-150° for a long time, but when a higher tem- 
perature is employed, and the heating is quickly carried out, the 
anhydride of maleic acid distils along with water. This anhydride 
readily takes up water, regenerating the acid. This is the ordinary 
method for the preparation of these acids, and it indicates that 
both have the same structural formula: 


COOH-CH-CH-COOH—H,O = COOH-CH:CH-COOH. 
OH H ; 


This view of their constitution is supported by the fact that on 
treatment with sodium-amalgam and water both acids yield suc- 
cinic acid, and also by the formation of monobromosuccinic acid by 
addition of HBr, and of malic acid by heating with water at a high 
temperature. Both acids have therefore the same constitutional 
formula, 

COOH -CH:CH-COOH. 


The isomerism of the crotonic acids is similar (143). It remains 
to consider how this isomerism can be explained by the aid of 
stereochemistry. 
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A single bond between two carbon atoms may be represented 
as in Fig. 34 (169). If the tetrahedra are drawn in full, then the 
H H 
ee 


an 


Fie. 34: labyey, S359. 
SINGLE BOND BETWEEN TWO CARBON ATOMS. 


single bond will be as in Fig. 35. If the tetrahedra are free to rotate 
round their common axis, isomerism cannot be expected for com- 
pounds Cabc—Cdej, nor has it ever been observed. 


a b 


or 


Fie. 36. HiGeote Fie. 38. 
GrapHic SpAcCIAL REPRESENTATION OF THE DOUBLE BOND BETWEEN 


Two CarBon ATOMS. 

When a double bond is present, then two affinities of each 
carbon atom come into play, as graphically represented in Figs. 
36, 37, and 38. Free rotation of the tetrahedra relative to one 
another is then no longer possible. 

The figures indicate that difference of grouping depends on the 
position of the groups a and 6b of one tetrahedron with reference to 
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the similar groups a and b of the other. a may be over a, and 6 
ever b, as in Fig. 37: or a may be over b, and b over a, as in Fig. 38. 
This can be represented by the formulze 


Thus, the two crotonic acids would be 


CH= H=6— cH, 
| and | , 
H—C—COOH H—C—COOH. 
Trans Cis 


and fumaric and maleic acids would have the formulee 


COOH—C—H H—C—COOH 
L || and II. | : 
H—C—COOH H—C—COOH 
Trans Cis 


It must now be proved which of these two formule belongs ta 
fumaric acid, and which to maleic acid. 

Maleic acid yields an anhydride, while fumaric acid does not. 
In formula Il. the carboxyl-groups are in juxtaposition to one 
another, but in formula I. they are as far removed from each other 
as possible. Only in the acid with the czs-formula are the carboxyl- 
groups represented in a position to interact readily: 


H—C—COO|H H—C—CO 
| ies || >0. 

H—C—Cco|oH f= 0200 
Meleic acid Maleic anhydride 


From this it is inferred that fuwmaric acid has the constitution indt- 
cated in formula 1., and maleic acid that in formula II. 

171. Further consideration indicates that this view also accounts 
for the other known properties of these acids. Neither formula 
contains an asymmetric C-atom, so that neither optical activity nor 
the great resemblance in such properties as specific gravity, melting- 
point, solubility, etc., due to the similarity in internal structure 
characteristic of the isomerism occasioned by an asymmetric carbon 
atom, is to be expected. Fumaric acid and maleic acid do, in fact, 
display great differences in these physical properties. 
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Both fumaric acid and maleic acid combine with bromine, but 
the dibromo-addition-products thus obtained are different. Fu- 
maric acid yields dibromosuccinic acid, soluble with difficulty in 
water; and maleic acid isodibromosuccinic acid, much more readily 
soluble in water. Figs. 39 to 42 indicate that different acids must 
result from this reaction. Figs. 40 and 42, representing dibromo- 


H 


HO- OC 
a ++ 2Br = 
O-OH CO-OH 


Fig. 39.—Fumaric Acip. Fie. ere: ccINIc AcIp. 


; CO: 
H ae CO:0OH 
++ 2Br = 
Co- 
H OR: CO-OH 


Fie. 41.—Mauric Acip. Fig. 42.—isoD1BROMOSUCCINIC ACID. 


4 


succinic acid and isodibromosuccinic acid respectively, cannot be 
made to coincide by rotation; and this is made more evident by 
comparing Figs. 42 and 43. The latter is obtained from Fig. 40 by 
rotation of the upper tetrahedron round the vertical axis, the posi- 
tion of the lower tetrahedron remaining unaltered. In the figures 
the order of the groups linked to both carbon atoms of the iso-acid 
is H, Br, COOH from left to right: for the lower carbon atom of 
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dibromosuccinic acid (Fig. 40) the order is similar, but for the upper 
carbon atom it is from right to left. 

When HBr is removed from dibromosuccinic acid (Fig. 43), the 
H-atom linked to one carbon atom and the Br-atom linked to the 
other are eliminated, yielding an acid COOH-CH:CBr-COOH. 
This removal of HBr could not be effected if the tetrahedra were 


br\=— = 7-60/0H 
ee 
H CO-OH 
Br 


Fig. 43.—Disromosuccinic AcID. Fig. 44.—Bromomatugic Acip, 


~ 


Fig. 45.—7so Disromosuccinic ACID. Fig. 46.—Bromorumaric Acrp. 


y CO-OH 


CO-OH 


in the position shown in Fig, 40: rotation round the vertical axis 
is essential to bring H and Br into ‘‘corresponding”’ positions, as 
in Fig. 43: elimination of HBr produces the acid represented in 
Fig. 44. This acid readily yields an anhydride, since the COOH- 
groups are in the corresponding positions: it is therefore bromo- 
maleic acid. 
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When HBr is removed from isodibromosuccinic acid, repre- 
sented in Fig. 45 (obtainable from Fig. 42 by rotation in the same 
way as Fig. 43 from Fig. 40), an acid results which does not 
yield a corresponding anhydride, but is converted by elimination 
of water into the anhydride of bromomaleic acid. This behaviour 
resembles that of fumaric acid, which under the same conditions 
yields maleic anhydride. This acid must therefore be bromo- 
fumaric acid (Fig. 46). 

It follows that the constitution assumed for these acids on 
stereochemical grounds accounts for their chemical properties. 
Another example which also supports this explanation is men- 
tioned in 195. 

Maleic acid can be converted into fumaric acid by keeping it 
for some time at a temperature above its melting-point; by bring- 
ing it into contact with hydrogen halides at ordinary temperatures; 
by exposing its concentrated solution in presence of a trace of 
bromine to the action of sunlight, a slow reaction in absence of 
light; by treating ethyl maleate with small quantities of iodine; or 
by other means. The facility of all these decompositions indicates 
that maleic acid is the unstable, and fumaric acid the stable, modi- 
fication. Inversely, fumaric acid is converted by distillation into 
maleic anhydride. The mechanism of these reactions is not fully 
understood. 

The last reaction, as well as that by which maleic acid is trans- 
formed into fumaric acid by the action of heat alone, can be explained 
by assuming an exchange of hydrogen and carboxyl at one of the 
doubly-linked C-atoms: 

H—C—COOH H—C—COOH 


f ll : 


H—C—COO0OH HOOC—C—H 


Affinity-constants of the Unsaturated Acids. 


172. Like the monobasic unsaturated acids (141), the dibasic 
unsaturated acids have greater affinity-constants than the corre- 
sponding saturated acids. For succinic acid, 104k=0-665, and 
for fumaric acid, 10*k=9-3. The strength of acetylenedicar- 
boxylie acid, COOH-C=C-COOH (obtained by the interaction of 
alcoholic potash and dibromosuccinic acid, 


COOH-CHBr—CHBr-COOH), 
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is about equal to that of sulphuric acid. Thus, the presence of 
a double bond, and even more of a triple bond, intensifies the acidic 
character. For maleic acid 1044=117, or about twelve times as 
much as for fumaric acid. This indicates the great influence 
exerted by the distance between the carboxyl-groups in the mole- 
cule upon the strength of these acids. 


The ionization of dibasic acids is a step-by-step process. An 
acid H,A first yields H +HA’, and then on further dilution HA’ is 


ionized to H+A”. In this dissociation remarkable differences have 
been observed. For some acids the second stage of ionization does 
not begin until the first is almost complete, but for other acids it 13 
already begun when about haif of the first stage isover. The degree 
of ionization depends upon the relative position of the carboxyl- 
groups in the molecule. The nearer these groups are to each other, 
the more extended is the first, and the smaller the second, stage of 
ionization; and vice-versa. 

This phenomenon is readily explained by assuming that the nega- 
tive charge of the anion is concentrated on the hydroxyl-oxygen of the 
ionized carboxyl-group. During the ionization of the first H-atom, 
the presence of one carboxyl-group promotes the ionization of the 
other. This influence is greatest when the carboxyl-groups are 
close together. Other negative groups produce a similar effect (178 
and 183). When, however, the ionization of the first H-atom is 
complete, the HA’-residue is decomposed with difficulty into H and 
A’’, on account of the attraction exerted by the negative charge of 
this residue on any positively-charged H-ion liberated, this attraction 
being greatest when the negative charge is close to the H-atom of 
the HA’-residue. On the assumption that this charge is situated 
on the hydroxyl-oxygen of the first carboxyl-group, its attraction is 
greatest when the two carboxyl-groups in the non-ionized acid are 
in close proximity. When, however, the H-atom of the first car- 
boxyl-group and the negatively-charged hydroxyl-oxygen of the 
HA’-residue are further apart, the second stage of the ionization 
meets with less resistance, and therefore takes place more readily. 

173. VON Banyer has prepared dibasic acids containing more than 
one triple bond in the molecule from acetylenedicarboxylie acid. 
When heated with water, its potassium hydrogen salt is converted 
into potassium propiolate (145), with loss of CO,: 


KOOC-C=C.-|CO,|H = CO,+KOOC-C=CH. 
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When the copper derivative of this salt, KOOC-C=Ccu,* is treated 
with potassium ferricyanide in alkaline solution, CuO is formed, while 
the two acid-residues simultaneously unite with production of the 
potassium salt of diacetylenedicarborylic acid, 


KOOC-C=C—C=C-COOK. 
The potassium hydrogen salt of this acid also loses CO, readily, 
and the copper derivative of the monobasic acid thus formed is 


converted by similar oxidation into CuO and the potassium salt of 
tetra-acetylenedicarborylic acid: 


2KOOC-C=C-C=Ceu* — KOOC-C=C-C=C-C=C-C=C-COOK. 


These compounds are very unstable, being decomposed by the action 
of light, and otherwise. 


III. POLYBASIC ACIDS. 


174. Acids with three carboxyl-groups in union with one car- 
bon atom are unknown, except as esters. The triethyl ester of 
methanetricarboxylic acid is obtained by the action of ethyl chloro- 
carbonate (269) on diethyl monosodiomalonate: 

C2H;00C|Cl + Na|CH(COOC2H35)2 = CeHs;00C-CH(COOC2Hs)o. 
Ethyl chlorocarbonate 

When this ester is saponified, COz is simultaneously eliminated, 
malonic acid being formed instead of the corresponding tribasic 
acid. This is another instance of the phenomenon that several 
negative groups do not remain in union with one carbon atom, two 
being the maximum number for carboxyl (155 and 180). 

A description of the syntheses of a few of the polybasic acids 
will afford examples of the methods adopted for the preparation 
of compounds of this class. 


Tribasic Acids. 


175. A type of the tribasic acids is wBa’-propanetricarboxrylic 
acid, or tricarballylic acid, obtainable by several methods. 
1. From tribromohydrin by treatment with potassium cyanide, 
and hydrolysis of the tricyanohydrin thus formed: 
& ° ° —>e . . . : i 
Brag) Dre Dr CN CN CN COOH COOH COOH. 


* cu=4Cu. 
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2. From diethyl disodiomalonate and ethy! monochloroacetate: 


(CgHs00C).C| Naz + 2Cl CH2-COOC2H; = 
| 


C2H;00C CHz-COOC2H; 


= (5H,00C> ©< CH,-COOC,H, T2Nacl- 


On saponification of this ester, an acid is obtained which on 
heating loses COzg, with formation of tricarballylic acid: 
CH2-COOH CH2-COOH 
HOOC J 6 — CH-COOH : 
H|O.C|" - : 
CH2-COOH CH2-COOH 
176. A synthesis peculiar to the polybasic acids consists in the 


addition of ethyl monosodiomalonate to the esters of unsaturated 
acids, such as fumaric acid: 


NaCH.- COOC2H; 
Na CH-COOC2H; | 
HC(COOC2Hs)2 CH-COOC2Hs5 | 
CH(COOC2Hs)2 


Saponification, with subsequent elimination of COg, yields tricar- 
ballylic acid. It melts at 166°, and dissolves readily in water. 

177. Aconitic acid, melts at 191°: itis a type of the unsaturated 
tribasic acids. It is obtained from citric acid (198) through removal 
of water by heating. The constitution of aconitie acid is 


CH——C———CH, 
GOOH COOH COOH’ 


for on reduction it is converted into tricarballylic acid. 


SUBSTITUTED ACIDS. 


I. HALOGEN-SUBSTITUTED ACIDS. 


178. The halogen-substituted acids can be obtained by the 
direct action of chlorine or bromine upon the saturated fatty 
acids, but this process is not very satisfactory. The monochloro- 
acids and monobromo-acids are best prepared by the action of 
chlorine or bromine, not upon the acid, but upon its chloride or 
bromide. The process involves treating the acid with phosphorus 
and a halogen, the phosphorus halide produced reacting with the 
acid to form an acid chloride or bromide, R-COX, which is then 
attacked by the excess of halogen present. ; 

Some acids cannot be thus brominated: such are trimethyl- 
acetic acid, (CH3)3C-COOH, and tetramethylsuccinic acid, 
(CH3)2C-COOH 
(CH3)2C-COOH 
with the a-carbon atom, which is directly linked to carboxyl. 
As a general rule, it is only possible to brominate acids of which 
the a-carbon atom is linked to hydrogen, the acids formed being 
called a-bromo-acids. The constitution of these is proved by 
converting them into hydroxy-acids (182), which are shown to be 
a-compounds through their synthesis by another method. 

Halogen-substituted acids can also be prepared by addition of 
hydrogen halide or halogen to the unsaturated acids, or by the 
action of phosphorus halides on the hydroxy-acids. The iodo- 
acids can sometimes be advantageously obtained from the corre- 
sponding chloro-derivatives by heating them with potassium iodide. 

The introduction of halogen into the molecule causes a marked 
increase in the strength of an acid, as will be seen from the table 
on next page of dissociation-constants, 10*k. 


In these acids there is no hydrogen in union 
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Name. Formula. 104k. 
A COUICSACIO Ms eect ae tee ee na cece aoe cores CH;3-CO.H 0-18 
Monochloroacetie acid...............- CH,Cl-CO.H 15-4 
Monobromoaceti¢c acid................ CH.Br-CO.H 13-8 
Mono1odoaceticsacide. se.cm anes nome CHI 2H 125 
Dichloroacelicnacideres ert eee CHCl,-CO.H 514 
Rrichloroaceric Acdsee ee eee CCl,-CO,H 12100 
RrOpionlcvAcld ee wae oe ero eee CH;-CH,-CO.H 0-134 
G-lodopropionic acidacs senna eee CH.I-CH»:CO.H 0-90 


This table indicates that the strength of an acid is increased to a 
greater extent by chlorine than by bromine, and by bromine than 
by iodine, and that a marked increase is occasioned by the intro- 
duction of more than one chlorine atom. The position of the halo- 
gen atom also exerts an influence: for iodoacetic acid with the 
I-atom in the a-position the value of the constant is 32 times as 
great as for acetic acid, while for $-iodopropionic acid 104k is only 
7 times as great as for propionic acid. 

179. The influence of the carboxyl-groups upon the halogen 
atoms is such that the properties of the monohalogen-substituted 
acids depend chiefly upon the relative position of the halogen atom 
and the carboxyl-group. 

On boiling with alkalis, the a-halogen-substituted acids are 
readily converted into the a-hydroxy- sods by exchange of halogen 
for hydroxyl: 

CH,2Cl-COOH +KOH = KCl+CH2,0H-COOK. 
Monochloroacetie acid Potassium glycollate 
On similar treatment, the (-halogen-substituted acids lose 
hydrogen halide, with formation of unsaturated acids: 
CH3-CHCI-CH2-COOH=CH3-CH:CH-COOH+HCI. 
-Chlorcbutyric acid Crotonie acid 
The behaviour of the $-halogen-substituted acids with sodium 
carbonate is very characteristic. When they are warmed with 
its aqueous solution, hydrogen halide and CO, are simultaneously 
eliminated from the molecule, with formation of an unsaturated 
hydrocarbon: 
/CHs 
CH, ven CH|CO,|Na = CH;-CH:CH-CH,; + NaBr + CO,. 


pseudoButylene 
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On boiling with water or with an alkali-metal carbonate, the 
y-halogen-substituted acids readily lose HX, forming lactones (183 
and 187): 


CH3- CH: CH2-CHg: my — CH3-CH-CH2-CH2-CO 


[Br __H]-0 een coe 


Valerolactone 


Chloroacetic Acids. 


180. Monochloroacetic acid, CH2C1-COOH, is obtained by the 
action of chlorine upon acetic acid, in presence of sulphur as a 
chlorine-carrier. It is a crystalline solid, melting at 63°. Dv- 
chloroacetic acid, CHClg- COOH, and trichloroacetic acid, CCl3-COOH, 
are best prepared from chloral (201), Trichloroacetic acid is un- 
stable, and on boiling with water decomposes into carbon dioxide 
and chloroform: 


CCl3-|CO2}H = CCl3H +COxg. 


This is another example of the fact that “loading” a carbon atom 
with negative elements and groups renders the molecule unstable. 


Acids with more than one Halogen Atom in the Molecule. 


181. Isomerism in this type of compounds may be occasioned 
by a difference in position of the halogen atoms in the molecule. 
Addition of halogen to an unsaturated acid produces a compound 
with the halogen atoms linked to adjoining carbon atoms. 


The elimination of hydrogen halide from acids of this class affords 
a striking example of the value of stereochemistry in explaining 
phenomena for which the ordinary constitutional formule are unable 
to account. Among them is the fact that in the series of unsaturated 
acids the dibromide of one modification loses 2HBr very readily, 
yielding an acid with a triple bond, while the dibromide of the other 
modification either does not react thus, or only with difficulty. An 
example of this is afforded by erucic and brassidic acids, which have 
been proved, by the method indicated in 145, to have the constitution 


C,H,,-CH:CH-C..H,,-COOH. 


On addition of bromine, and subsequent heating with alcoholic 
potash at 150°-170°, dibromoerucic acid easily loses 2HBr, vielding 
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behenolic acid, C,H,,-C=C-C,,H,,»COOH; whereas one molecule of 
hydrobromic acid is eliminated from dibromobrassidic acid, with 
production of amonobromoerucic acid. This difference is accounted 
for by assigning the ¢rans-formula to erucic acid and the cis-formula 
to brassidic acid, as indicated in Figs. 47 to 52. 


H 


-+ Br, = 


Cy H,.C0,H 


Fig. 47.—Erucic Acip. 
Trans-formula 


a HBr 7 7 ee 
Rotated 
3 [ C,, HyCO,H Z C,,H.sCO.H 
Fic. eee sae Fic. auenemeee 
AcIp. Now: 


Each H-atom in corresponding 
position to a Br-atom. 


In the formula for dibromoerucic acid, the tetrahedra may be 
rotated so as to bring each Br-atom above a H-atom (171), making 
the elimination of 2HBr possible (Figs. 48 and 49): in that for 
dibromobrassidie acid, only one Br-atom and one H-atom can be 
brought into the ‘corresponding positions’ to one another (Figs. 
51 and 52). 
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H C,H, 
a i 
Cy, HaCO.H 
H 


Fie. 50.—Brassipic Acip. 
Cis-formula. 


ave 


Rotated 


C,, H.. CO.H 
H 11 422 2 H ae SE Se Cy HerCO,H 
Br 
Br 
Fig. 52.—D1promoprassipic ACID. 


Only one H-atom in corresponding 
position to one Br-atom. 


Fic. 51.—D1BROMOBRASSIDIC ACID. 


II. MONOBASIC HYDROXY-ACIDS. 


182. The hydroxy-acids are substances with one or more 
hydroxy|l-groups and carboxyl-groups in the molecule. The general 
methods for their formation depend upon the introduction of 
hydroxyl-groups and carboxyl-groups. They are produced in the 
following reactions. 

1. By the careful oxidation of polyhydric alcohols: 

CH3;-CHOH-CH,OH — CH3-CHOH-COOH. 
Propyleneglycol Lactic acid 

2. By replacement of the halogen in halogen-substituted acids 

by hydroxyl, as already described (156). 
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3. By reduction of the aldehydic acids and ketonic acids, which 
contain both a carboxyl-group and a carbonyl-group: 


. 


CH3-CO-COOH+2H = CH3-CHOH-COOH. 
Pyroracemic acid Lactic acid 
4. By the action of nitrous acid upon acids with an amino-group 
in the alkyl-residue: 


NH2-CH»-COOH + HNO, = CH,0H-COOH +N2+H,20. 


Glycine Glycollie acid 


5. By addition of hydrocyanic acid to aldehydes or ketones, 
and hydrolysis of the nitrile thus obtaied (110, 3), a method yield- 
ing only a-hydroxy-acids: 


H 
CynHon +1 -CHO+HCN = C, Hens LON: 
Aldehyde On 
Cyanobhydrin 


gAst J 
Cy Hen4y1*C—CN +2H20 = C,Hay41+-C—COOH + NH3. 
\OH \oH 
Cyanohydrin a-Hydroxy-acid 
By exchange of Br for OH, acids brominated by the method de- 
scribed in 178 yield hydroxy-acids identical with those obtained 
by this cyanohydrin-synthesis. It follows that in these acids the 
bromine is in union with the a-carbon atom. 
6. Oxidation with potassium permanganate effects the direct 
replacement of hydrogen by hydroxyl in acids with a hydrogen 
atom linked to a tertiary carbon atom: 


CH, CH, 


CH, >CH-COOH+0 = CH; >C(OH)-COOH. 
isoButyric acid a-Hydroxyisobutyric acid 
Properties. 


183. Different compounds are obtained from the hydroxy-acids 
by substitution in the hydroxyl-group and carboxyl-group respect- 
ively. When the H-atom of the hydroxyl-group is replaced by 
alkyl, an acid ether is obtained: 

CH,0H-COOH — CH2,0C2H;-COOH. 


Glycollie acid Ethylglycollie acid 
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Like an ordinary ether, CpHen41-O-CmHeamii, ethylglycollic acid 
cannot be saponified. When, on the other hand, the H-atom of 
the carboxyl-group is exchanged for alkyl, an ester is produced: 


CH,OH-COOH > CH,OH-COOC,H;. 


Ethyl glycollate 


Like other esters, these compounds can be saponified. 

The introduction of hydroxyl strengthens the fatty acids to an 
extent dependent on its position relative to the carboxyl-group, an 
effect analogous to that produced by the halogens (178). This is 
indicated by the table, which contains the values of the dissociation- 
constant, 104k, for several acids. 


Name. Formula, 104k, 
IN COEIG AICI ee ee eee nieces Bless CH;-COOH 0-180 
Glycollic acid (Hydroxyacetic acid). .... CH,OH-COOH 1-52 
Eropioniccacidewe. ekieren ts tem oles. es CH;3-CH,-COOH 0-134 
Lactic acid (a-Hydroxypropionic acid)..| CH3-CHOH-COOH 1-38 
b-Lydroxy Propionic acl ear te ely. eee CH;OH-CH,-COOH 0-311 - 


On heating, the a-hydroxy-acids readily lose water, two mole- 
cules being simultaneously eliminated from two molecules of acid: 
this reaction takes place between the hydroxyl-group of one mole- 
cule and the carboxyl-group of the other. Lactic acid yields lactide: 


CH3-CH|OH H|OOC . CH3-CH-OOC 
aces | = 2H2,0+ | | 
COO|H HO|—CH-CH3 COO — CH-CHs3. 
Lactide 


The formula of this compound indicates that it is a double ester, its 
constitution being proved by its behaviour when boiled with water 
or dilute acids: like the esters, it is saponified, yielding lactic acid. 

G-Hydroxy-acids readily give up water, with formation of un- 
saturated acids: 


CH3-CH-CH-COOH 
oaks) = H,O+CH3-CH:CH-COOH. 


OH EH Crotonic acid 


f-Hydroxybutyric acid 
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When a f-hydroxy-acid is boiled with excess of a 10 per cent. 
solution of caustic soda, it is partly converted into an a @-unsaturated 
acid, and partly into a $;-unsaturated acid, while a portion remains 
unchanged. An equilibrium is thus reached: 


R-CH:CH-CH,-COOH @ R-CH;-CHOH-CH,-COOH 2 
= R-CH,-CH:CH-COOH. 
If this reaction is reversible, the same equilibrium should be attained 


by starting from the hydroxy-acid, or from either of the two unsat- 
urated acids. Firria proved that this is actually the case. 


7-Hydroxy-acids and 0-hydroxy-acids lose water, with formation 
of inner anhydrides, called lactones (179 and 187): 


CH-CH2-CH-CO CH,-CH2-CH,-CO. 

{| 8041 | 

(OH HO er 2a) 
y-Hydroxybutyric acid Butyrolactone 


Glycollic Acid, C2H403. 


184. Glycollic acid is present in unripe grapes. It is usually pre- 
pared by treating monochloroacetic acid with caustic potash: 


COOH.-CH,|Cl+ KJOH = COOH-CH,OH + KCl. 


Glycollic acid is a crystalline solid, melting at 80°. It is very 
readily soluble in water, alcohol, and ether: the calcium salt dissolves 
with difficulty in water. When distilled in vacuo, glycollic acid loses 
water, with formation of glycollide: , 


CH,O[H HO\Co CH,0-CO 
ee = 2H,0+ | 
CO O|H HO|CH, CO-O-CH, 
Glycollide 


Hydroxypropionic Acids, C3H,03. 


185. Two hydroxypropionic acids are known, differing in the 
position occupied by the hydroxyl-group: they are a-hydroxypro- 
piome acid, CH3-CHOH-COOH, and {-hydroxypropionic acid, 
CH,0OH-CH2-COOH. The first is ordinary lactic acid. 

a-Hydroxypropionic acid can be obtained synthetically by the 
methods described in 182, although it is usually prepared by other 
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means. In presence of an organized ferment, called the ‘‘lactic-acid 
bacillus,” certain sugars, such as lactose, sucrose, and dextrose, 
undergo ‘‘lactic fermentation,” the principal product being lactic 
acid. These bacilli are present, for example, in decaying cheese, 
and cannot live m a solution of lactic acid of more than a certain 
concentration: to make fermentation possible, chalk is added to 
neutralize the lactic acid formed. Lactic acid can also be prepared 
by heating dextrose or invert-sugar with caustic soda. 

Lactic acid derives its name from its presence in sour milk, 
as a result of the fermentation of the lactose present. The faint 
acid odour possessed by sour milk is due, not to lactic acid, but to 
traces of volatile fatty acids simultaneously formed: lactic acid 
itself is odourless. Lactic acid is also present in other fermented 
substances, such as ‘‘Sauerkraut”’; and in large quantities in 
ensilage, a cattle-food prepared by submitting piles of grass or 
clover to pressure. 

Lactic acid is purified by distilling the aqueous acid at very 
low pressures (1 mm.), when it is obtained as a crystalline solid 
melting at 18°. The commercial product is a colourless, syrupy 
liquid of strongly acid taste, and contains water. When heated 
under ordinary pressure, with the object of removing water, it is 
partially converted into the anhydride (183) even before dehydra- 
tion is complete: this can be detected by the diminution of the acid- 
equivalent on titration. Its zinc salt forms well-defined crystals 
with three molecules of water. 

The constitution of lactic acid is deduced from its formation 
from acetaldehyde by the cyanohydrin-synthesis (182, 5), and by 
the oxidation of propyleneglycol. When lactic acid is heated 
alone, or with dilute sulphuric acid, it yields acetaldehyde and 
formic acid: 


CH,;-CHO/H-COOH] > Che. +H-COOH. 


This decomposition may beregardedasa reversal of the cyanohydrin- 
synthesis, and is characteristic of many a-hydrory-acids. 
H 
Lactic acid, CH3-C-COOH, contains one asymmetric carbon 


. OH 
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atom. In accordance with the principles laid down in 53, it ought 
to exist in three isomeric modifications, and all these are known. 
Ordinary lactic acid obtained by synthesis is racemic: that is, 
it consists of equal quantities of the dextro-acid and levo-acid, 
and is therefore optically inactive. Dextro-lactic acid and levo- 
lactic acid can be obtained from the inactive modification by 
methods described in 196. The dextro-rotatory variety is a 
constituent of meat-juices, and is therefore sometimes called 
“‘sarcolactic acid.” bs 

786. The synthetic lactic acid is inactive, and hitherto optically 
active products have not been prepared from inactive substances 
by wholly chemical means. Since the inactive modification con- 
sists of equal parts of dextro-rotatory and levo-rotatory substance, 
both must be formed in equal quantities in the synthesis. An 
explanation of this phenomenon is afforded by a consideration of 
the following examples. 

The nitrile of lactic acid is obtained by the addition of hydro- 
eyanic acid to acetaldehyde (182, 5), the structural formula of 
which is represented in Fig. 53: 


Nie) Get Fie. 54. Fie. 55. 


ACETALDEHYDE. LACTONITRILE. LACTONITRILE. 


The addition of H-CN can take place in two ways, the oxygen 
doubly linked to the central carbon atom of the figure becoming 
severed either from the bond c or from d. In the first case the 
group CN becomes linked to ¢ (Fig. 54), and a hydroxyl-group is 
formed at d: in the second case this is reversed (Fig. 55). The 
configurations thus obtained are mirror-images, and cannot be 
made to coincide: they represent asymmetric C-atoms. 

The possibility of the formation of both active components is 
thus evident, and that these must be formed in equal amounts is 
made clear by a consideration of the probability of their formation. 
This is alike for both, since d and c occupy similar positions with 
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respect to a and 6, and there is therefore no tendency for the oxygen 
to remain linked to the one more than to the other. 

In this example an asymmetric carbon atom has resulted from 
an addition-reaction. An example of the formation by substitution 
of a compound containing such an atom is that of a-bromopro- 
pionic acid, et = C< rere from propionic acid, SC he 
By replacement of He and Hd respectively, two acids of opposite 
rotation are produced, the probability of thé formation of one being 
equal to that of the formation of the other. 

Compounds containing an asymmetric carbon atom can also 
result from the elimination of a group, as in the formation of methyl- 


ethylacetic acid, me pAvKe Bier from methylethylmalonic acid, 


C 

CH3 COOH ae BAe 

CoH? ©< COOH’ by loss of COg. The probability that this will 
d 

take place at c¢ and at d is equal, so that an inactive mixture is 


produced. 

When optically active lactic acids and other optically active 
substances are strongly heated, they are converted into the corre- 
sponding optically inactive form, containing equal proportions of the 
dextro-modification and lw#vo-modification. This necessitates the 
conversion of one-half of the optically active substance into its 
optical isomeride, it being sufficient that two of the groups or atoms 
linked to the asymmetric C-atom should change places. To con- 
vert Fig. 56 into its mirror-image, Fig. 57, it is only necessary, for 


EiGar a6: Fig. 57. 


example, for B and D to exchange positions. This can only happen 
through a severance of the bonds between B and D and the carbon 
atom, for a period however brief, followed by a reunion, either as 


228 ORGANIC CHEMISTRY. [§ 187 


at first B to b and D to d, or in the reverse order D to b and B to d. 
The similarity of the positions occupied by b and d with respect to 
a and c makes the probability of the union of B with b and D with d 
equal to that of the union of D with b and B with d, so that dextro- 
rotatory and lsevo-rotatory molecules are formed in equal numbers, 
and after heating the substance is optically inactive. 


Optical inactivity is sometimes attained without the aid of heat. 
Wa ven found that,the dextro-rotatory isobutyl bromopropionate, 
CH,-CHBr-COOC,Hy, and other compounds with a Br-atom in union 
with an asymmetric C-atom, became optically inactive through being 
kepé for three or four years at the ordinary temperature. The veloc- 
ity of transformation under such conditions, for most substances too 
small to be appreciable after the lapse of even long periods—and 
only measurable at higher temperatures, which have an accelerating 
effect upon most reactions—has for these compounds a measurable 
value. 


Lactones. 


187. The ;-hydroxy-acids lose water very readily, with forma- 
tion of lactones (179 and 183). So great is this tendency that 
some y-hydroxy-acids, when liberated from their salts, at once 
give up one molecule of water, yielding a lactone. This phenome- 
non is another example of the readiness with which ring-com- 
pounds containing four carbon atoms are formed (169). Many 
y-hydroxy-acids are not known in the free state, but only in the 
form of esters, salts, or amides. The lactones are stable towards 
an. aqueous solution of sodium carbonate, but are converted by the 
hydroxides of the alkali-metals into salts of x-hydroxy-acids, a 
reaction proving their constitution. They may be looked upon as 
the inner esters of the hydroxy-acids. 

The lactones can be prepared by several methods. Thus, 
acids containing a double bond at the {y-position or yd-position 
(4°r-acids or 47°-acids) are readily converted into. lactones by 
warming with dilute sulphuric acid. This formation of !actones 
may be regarded as an addition of the carboxyl-group at the 
double bond: 


8 a i 
R-CH:CH-CH3-CO + R-CH-CH>-CH.-CO. 


| 
H-O Pants 7) 
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Unsaturated 48r-acids can be obtained by several methods, one 
being the action of aldehydes upon sodium succinate in presence of 
acetic anhydride: 


CH,-C 6 +H.C-COOH cu,-cHHc.cooH 
H,C-COOH _ (OH) \ 
Aldehyde Succinic acid | H.C-COO/H] s: 


By elimination of one molecule of water, there results a lactonie acid, 


CH,-CH-CH-CO,H 
| 
CH, 
O— CO 


On dry distillation, this loses CO,, yielding the unsaturated acid: 


CH,-CH-CH-|CO,|/H 
| 
CH, — CH,-CH:CH-CH,-COOH. 


Another method for the preparation of lactones is the reduc- 
tion of ;-ketonic acids (251,3). 0-Lactones and <-lactones are also 
known. 

On boiling with water, the lactones are partly converted into 
the corresponding hydroxy-acids, the quantity of acid formed being 
in a measure dependent upon the amount of water present. An 
equilibrium is attained between the system acid and lactone + 
water: 


CH2OH-CH2-CH2-COOH @ CH2-CH2-CH2z-CO+H20. 


r- Hydroxybutyrie acid 


e 0 


Butyrolactone 


188. If the molecular concentration per litre of the y-hydroxy- 
butyric acid is A, and if, after the lapse of a time t, x molecules have 
been converted into lactone, the velocity of lactone-formation at 
that instant, s, is given by the equation 


s=k(A—z), 
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k being the reaction-constant. But the reverse also takes place, the 
acid being regenerated from the lactone and water. If the lactone 
is dissolved in a large excess of water, no appreciable error is in- 
troduced by assuming the quantity of the latter to be constant. 
The velocity s’ of this reverse reaction is then represented by the 
equation 

s’=k’a, 


in which k’ is again the reaction-constant. The total velocity of 
the lactone-formation for each instant is, therefore, equal to the 
difference between these velocities: 
lx 

s—s! = = k(A—2) Ka. ib 2 oe 
When equilibrium is reached, s=s’; and if the value of z at this 
point has become equal to 2x;, then 

k; H bo) 


k(A—2;) —k/2x, ==((). or Ik! Se er: oc Omans (2) 


Equations 1 and 2 can be solved for k and k’. The same method 
of calculation may be applied to ester-formation from acid and 
alcohol, by which the reaction-constant of the ester-formation, and 
of the ester-decomposition, can be computed. 

The lactones form addition-produets with hydrobromic acid 
as well as with water, yielding 7-bromo-acids, the constitution of 
which is inferred from their reconversion into lactone (179). The 
lactones also form addition-products with ammonia, yielding the 
amides of the 7-hydroxy-acids. 


Ill. DIBASIC HYDROXY-ACIDS. 


189. The simplest dibasic hydroxy-acid is tartronic acid, 
COOH-CHOH-COOH. It can be obtained by the action of moist 
oxide of silver upon bromomalonic acid, and is a crystalline solid, 
melting at 187° with evolution of CO,. The glycollic acid, 
CH,OH-COOH, thus formed, at once loses water, yielding a poly- 
meride of glycollide (184). 


190. A substance of greater importance is malic acid, CsHgOs, 
which is present in various unripe fruits, and is best prepared from 
unripe mountain-ash berries. It is a crystalline solid, melting at 
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100°, and is readily soluble in water and in alcohol. Natural 
malic acid is optically active. 

It is possible to prove in several ways that malic acid is hydroxy- 
succinic acid, COOH-CHOH-CH2-COOH. Among these are its 
reduction to succinic acid by heating with hydriodic acid, its con- 
version into monochlorosuccinic acid by the action of phosphorus 
pentachloride, and so on. Its alcoholic character is indicated by 
the formation of an acetate when its diethyl ester is treated with 
acetyl chloride. 

The conversion of malic acid under the influence of heat into 
fumaric acid and maleic acid has been already mentioned (170). 
In addition to the natural lavo-rotatory acid, both a dextro-rota- 
tory and an inactive modification are known. The latter can be 
resolved by fractional crystallization of its cinchonine salt into its 
two optically active components. As indicated by its structural 
formula, malic acid contains an asymmetric C-atom. 


Tartaric Acids, C4H6O¢. 


191. Four acids of the composition Cy4HgOg¢ are known, all with 
the constitutional formula 


COOH-CHOH-CHOH-COOH. 


They are called deztro-rotatory tartaric acid, levo-rotatory tartaric 
acid, racemic acid, and mesotartaric acid: the last two are optically 
inactive. Their constitution is proved by their formation from the 
dibromosuccinic acids—obtained from fumaric acid or maleie acid 
by the action of bromine—by boiling their silver salts with water, 
as well as by their production from glyoxal (199) by the eyano- 
hydrin synthesis. The inactive modifications are produced by 
these reactions (186). 

In accordance with the constitutional formula given above, the 
tartaric acids contain two asymmetric C-atoms in the molecule, 
and it is necessary to consider how many stereoisomerides are theo- 
retically possible. 

The formula of such a substance can be represented by 
C(abc)—C(def). The groups linked to the asymmetric C-atoms are 
in this general formula dissimilar: the two asymmetric C-atoms are 
assumed to be unlike. Since the mode of arrangement of the 
groups relative to each of these C-atoms results in dextro-rotation 
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and levo-rotation respectively, the combinations possible in the 
molecule of a substance containing two asymmetric C-atoms are: 


1 2 3 4 
C(abc) Dextro Dextro Levo Levo 
C (def) Dextro Lzvo Lavo Dextro 


There are, therefore, four isomerides possible, apart from the op- 
tically inactive modifications containing equal quantities of two 
of these (1 and 3, 2 and 4). 

Since tartaric acid, however, contains two similar asymmetric 
C-atoms, that is asymmetric C-atoms in union with similar groups, 
2 and 4 become identical, leaving so far three isomerides possible. 
1 and 3 being able to unite to form a racemic compound, the total 
number of possible isomerides is raised to four: 


1 2 3 + 
CH(OH)(COOH) Dextro Dextro Lavo 


Inactive combina- 
CH(OH)(COOH) Dextro Levo Lavo 'onofland3 


The four tartaric acids, C4H¢Og, correspond in properties with 
the four theoretically possible isomerides. Dextro-tartaric acid 
and levo-tartaric acid must be represented respectively by 1 and 
3, since in these both C-atoms rotate the plane of polarization in 
the same direction, and should therefore reinforce each other’s 
influence. The optically inactive mesotartaric acid is represented 
by 2: its two asymmetric C-atoms rotate the plane of polarization 
equally, but in opposite directions, and thus neutralize each other’s 
effect. Finally, isomeride 4 is racemic acid. 

An important difference exists between the two optically in- 
active isomerides, racemic acid and mesotartaric acid. The former, 
obtained by mixing equal quantities of the dextro-acid and levo-acid, 
can be resolved into its components: the latter, consisting only of 
one kind of molecules, cannot be resolved. The rotation caused by 
the dextro-acid is equal in amount but opposite in sign to that 
due to the levo-acid. 

Emiv Fiscuer has introduced a simple mode of writing the 
spacial formule of optically active compounds, of which frequent 
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use will be made later. The representation in space of two C-atoms 


Cabc 
in union,inacompound| __, isshown in Fig. 58 (169). 
Cabe 
b 
se 0 
c 
Fig. 58. Fie. 59. 


If the two bonds uniting the two carbon atoms are supposed to 
lie in the plane of the paper, then the positions of a and care to 
the back, and of b to the front. If a, b, and ¢ are imagined to be 
projected upon the plane of the paper, and a and ¢ simultaneously 
so altered in position that they lie in the same straight line at 
right angles to the vertical axis, and b lies in this axis produced, 
then projection-figure I. is obtained: 


b a 
a c c Ss 
a c Cas ea O 
b a 
I. it. 


If Fig. 58 is rotated round its vertical axis, so that a, for example, lies 
in front of the plane of the paper, Fig. 59 results, its projection being repre- 
sented by II. These apparently different configurations are identical. 

For a chain of four carbon atoms there is obtained analogously 
the projection-figure 
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This will be understood if it is imagined that the figures in 169 
(Fig. 33) are so placed that the plane in which the carbon bonds 
lie is at right angles to that of the paper, and the figures in this 
position are projected in the manner just described. 

The projection-formulz for the four isomeric tartaric acids are 
thus obtained. If the projection-figure for two asymmetric 
C-atoms is divided in the middle of the vertical line, and the upper 
half of the figure rotated through 180° in the plane of the paper, 
the similar grouping of HO, H, and COOH about the asymmetric 
C-atoms in both halves, 


HO a Oa ere 


COOH COOH 
indicates that both C-atoms rotate the plane of polarization in the 
same direction. We shall arbitrarily assume that this grouping 
occasions dextro-rotation. 
When the two carbon atoms are again united by transposing 
one of the halves in the plane of the paper, the figure 


COOH 
ye eee OE 
HO et 

COOH 


results, and is therefore the projection-formula for the dextro- 
rotatory acid. 

The grouping with respect to the two C-atoms in the levo- 
rotatory acid must be the mirror-image of that in the dextro- 
rotatory (52): thus, 


H——_,_—OH and H——— OH. 


| 
COOH COOH 
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The combination of these two gives the projection-formula 


COOH 


HO a 


H——_|_—OH 


COOH 


for the levo-rotatory acid. 

These representations of the constitutions of dextro-tartaric 
acid and levo-tartaric acid cannot be made to coincide by altering 
their position in the plane of the paper,* and are therefore different. 

When the acid contains a dextro-rotatory and a levo-rotatory 
C-atom, as in mesotartaric acid, the arrangement of the groups 
will be 


Dextro Levo 
HO——-|_—_H H——_|-—-OH, 
| 
COOH COOH 


and their projection-formula 


COOH 
HO——|——H 
HO-—— mr 

COOH 


* These projection-formule can be made to coincide by rotating one of 
them through 180° about the line HO—H. It will be seen from a model, 
however, that the spacial formule cannot be made to coincide by this treat- 
ment. To determine by means of projection-formu:z whether this is possible 
for spacial formule, it is only admissible to transpose them in the plane of 
the paper. 
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The projection-formula for racemic acid is 


Dextro Levo — 
COOH COOH 
Ho On HO=- 2 
{Ho ar ay! ual eins 
COOH COOH 


Dextro-tartaric Acid. 


192. Potassium hydrogen d-tartrate, CsH;O0gK, is present in the 
juice of grapes, and during alcoholic fermentation is deposited on 
the bottom of the casks, being even more sparingly soluble in dilute 
alcohol than in water. The crude product is called “‘argol ”’; when 
purified, it is known as ‘‘cream of tartar.’ To obtain deztro- 
tartaric acid, the crude argol is boiled with hydrochloric acid, and 
the acid precipitated as calcium tartrate, CaCyH4Og,, with milk of 
lime. After washing, the calcium salt is treated with an equivalent 
quantity of sulphuric acid, which precipitates calcium sulphate and 
sets free the tartaric acid: this can be obtained by evaporation in 
the form of large, transparent crystals, without water of crystalliza- 
tion, and having the composition C4H¢Og. 

Dextro-tartaric acid melts at 170°, is very readily soluble in 
water, to a less extent in alcohol, and is insoluble in ether. When 
heated above its melting-point at atmospheric pressure, it loses 
water and yields various anhydrides, according to the intensity 
and duration of the heating. On stronger heating, it turns brown, 
with production of a caramel-like odour, and at a still higher tem- 
perature chars, with formation of pyroracemic and pyrotartaric 
acids. It can be converted mto succinic acid by the action of 
certain bacteria. 

In addition to the potassium hydrogen tartrate may be men- 
tioned the normal potassium salt, CyH4OgK2, which is readily soluble 
in water, and potassium antimonyl tartrate, 


2[;C0OOK -CHOH-CHOH-COO(SbO)] + H20. — 
On account of its medicinal properties, the latter is known as “‘tar- 


taremetic.’’ It is obtained by boiling potassium hydrogen tartrate 
with antimony oxide and water, and is readily. soluble in water. 
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‘The precipitation of hydroxides from metallic salts—for example, 
copper hydroxide from copper sulphate—is prevented (161) by 
the presence of tartaric acid: The liquid obtained by dissolving 
copper sulphate, tartaric acid, and excess of caustic potash in 
water is called ‘‘FrHurna’s solution.” It is an important means 
of testing the reducing power of compounds, since reducing agents 
precipitate yellowish-red cuprous oxide, or its hydroxide, from the 
dark-blue solution. In this alkaline copper solution the hydroxyl- 
groups of the central C-atoms have reacted with the copper 
hydroxide, since one gramme-molecule of normal alkali tartrate can 
dissolve one gramme-molecule of copper hydroxide. These copper 
alkali tartrates have also been obtained in a crystalline form: thus, 
the compound C4yH,0gNa2Cu+2H20 is known, and must have the 
constitutional formula 


O-C COON ar. 


Cum as 
O-CH-COONa © 
Experiment has proved that in aqueous solution this compound 
O-CH-COO’ 
0-CH-COO” 
the reactions of the solution are no longer those of copper ions: 
although the liquid is alkaline, copper hydroxide is not precipitated. 
Second, on electrolysis the copper goes towards the anode. This has 
been studied by Ktsrer by the aid of the apparatus shown in Fig. 
60. One U-tube contains copper-sulphate solution at b; the other, 


is ionized to Na and the complex anion Cu< First, 


Fic. 60.—ELECTROLYSIS OF AN ALKALINE CopprER SOLUTION. 


Fen.ine’s solution at d: into both limbs of each is then carefully 
poured a solution of sodium sulphate, a and c. The common sur- 
faces of the sodium-sulphate and copper-sulphate solutions in the 
two U-tubes lie in the same horizontal plane. When an electric 
current is passed through the tubes, preferably arranged in parallel, 
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and not in series, a different effect is produced on the level of the 
surfaces of the copper solutions in each tube. In the copper-sulphate 
solution a rise takes place at the cathode, since the Cu-ions are 
cathions, and tend towards the cathode. The reverse effect is 
observed in the FExHLING’s solution, indicating that in it the copper 
is a constituent of the anion. The arrows in the figure show the 
direction in which the ions in each solution tend. 

Moreover, the colour of Fraiina’s solution is a much more in- 
tense blue than that of a copper-sulphate solution of equivalent 
concentration, this being evidence of the presence in FEHLING’S 
solution of a complex ion containing copper. 

Fen.ine’s solution decomposes gradually, so that it is best pre- 
pared as required. Ost has discovered a much more stable alkaline 
copper solution, applicable to the same purposes as that of Fruiina. 
It is a mixture of copper sulphate with potassium hydrogen carbon- 
ate and potassium carbonate, and contains a soluble double carbon- 
ate of copper and potassium. 


Leevo-tartaric Acid. 


Levo-tartaric acid is obtained from racemic acid. With two 
exceptions, the properties of the levo-acid and its salts are identical 
with those of the dextro-modification and its salts. First, their 
rotatory power is equal, but opposite in sign: second, the salts 
formed by the levo-acid with the optically active alkaloids differ 
in solubility from those derived from the dextro-acid (196). 


Racemic Acid. 


193. It is stated in 186 that optically active substances can be 
converted by the action of heat into optically mactive compounds; 
that is, changed into a mixture of the dextro-modification and 
levo-modification in equal proportions. This change is often facili- 
tated by the presence of certain substances: thus, dextro-tartaric 
acid is readily converted into racemic acid by boiling with excess 
of a concentrated solution of caustic soda. Mesotartaric acid is 
simultaneously formed (194). 


The optical inactivity is occasioned by conversion of one half of 
the dextro-acid into the levo-modification. If formula I. represents 
the dextro-acid, then formula IT. will correspond with the leevo-acid; 
and the formule indicate that the exchange of groups, by which an 
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active compound is converted into its optical isomeride ( 186), must 
in this instance take place at both asymmetric C-atoms, in order that 
the dextro-acid may yield its levo-isomeride. 


COOH COOH 
| 
| 

Haw ere 1: (Ce eee 
| 

HO Rar On 
COOH COOH 
I II. 


Racemic acid is not so soluble in water as the two optically 
active acids, and differs in crystalline form from them: the crystals 
have the composition 2C4Hg0g+2H2,O. In many of its salts the 
amount of water of crystallization differs from that in the corre- 
sponding optically active salts. Racemic acid is proved to consist. 
of two components by its synthesis from solutions of the dextro- 
acid and the levo-acid. If the solutions are concentrated, heat is 
developed on mixing, and the less soluble racemic acid crystallizes 
out. Racemic acid can also be resolved into the two optically 
active modifications (196). 

Although racemic acid in the solid state differs from both dextro- 
tartaric acid and levo-tartaric acid, yet in solution, or as ester in 
the state of vapour, it is only a mixture of them. The cryoscopic 
depression produced by it corresponds with the molecular formula 
C4H,gOg; and the vapour-density of its ester to single, instead of 
to double, molecules. 

The term ‘‘racemic ”’ is applied to substances which consist of 
isomerides of equal and opposite rotatory power in equimolecular 
proportions, and are therefore optically inactive. This phenomenon 
was first observed by PastTrur in his researches on racemic acid 


(196). 
Mesotartaric Acid. 


194. Like racemic acid, mesotartaric acid is optically inactive, 
but cannot be resolved into optically active components. It is 
‘formed when dextro-tartaric acid is boiled for several hours under 
a reflux-condenser with a large excess of caustic soda (193). 
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If formula I. is assigned to dextro-tartaric acid, it is evident that 
to convert it into mesotartaric acid, formula IT., it is only necessary 


COOH COOH 
| | 
ft -=oOn os 
HO——=|—— =H i (Que | 
COOH COOH 
P Il. 


for two groups in union with a single asymmetric C-atom to change 
places, while racemic acid can only result through exchange of the 


CO-OH 


=—- 20H 


CO:OH 


Fie. 62.—Mesorartaric Actp. . Fig. 63.—Mxsorartraric Act. 


groups linked to both C-atoms. This affords an explanation of the 
fact that when dextro-tartaric acid is heated with dilute hydrochlorie 
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acid, or boiled with dilute caustic soda, mesotartaric acid is first 
formed, and racemic acid only after prolonged heating. 


Potassium hydrogen mesotartrate is readily soluble in cold water, 
differing in this from the corresponding salts of the other tartaric 
acids. 


195. This view of the structure of the tartaric acids is in complete 
accord with their relation tofumaric acid and maleic acid (170), which, 
on treatment with a dilute aqueous solution of potassium perman- 
ganate, yield respectively racemic acid and mesotartaric acid by addi- 


HO-OC H 
2X + 2(0H), 
CO-OH 
H 


Fie. 64.—Fumaric AcIp. 


CO:0H 


OH 
Fic. 65.—Racemic AcID. 


tion of two hydroxyl-groups. Addition of 20H to maleic acid may 
result from the severance of the bond 1:1’ or 2:2’ in Fig. 61, with 
production of the configurations represented in Figs. 62 and 63. 
The projection-formule corresponding to Figs. 62 and 63 are 
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H OH 
HO-— Soop H—— —_cooH 
| and | ‘ 
HO>—— |—__Co0ni Baa a COON 
je Il. 


These apparently different configurations are identical, as becomes 
evident on rearranging I. (p. 233): 


OH 


If the last projection-formula is rotated in the plane of the paper 
through 180°, it will coincide with II. A comparison of this scheme 
with that in 194 shows it to be the configuration representing meso- 
tartaric acid. It follows that addition of two hydroxyl-groups to 
maleic acid produces only mesotartaric acid. 

A different result is obtained by addition of two OH-groups to 
fumaric acid, as is indicated by Figs. 64 and 65. 

Severance of the bonds 1:1’ or 2:2’ by addition yields two con- 
figurations which cannot be made to coincide by rotation. This is 
made clearer by the projection-formulz 


COOH COOH 
nah 3 ee fol eee 
HOS Seo eG 2 es ek Ey | 

H COOH 

- OH COOH 
(00H ae 5 Pa Meas 6 
Ha 00s 2 oe 


OH COOH 
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These projection-formulz are identical with the configurations repre- 
senting dextro-tartaric and levo-tartaric acid (p. 236). 


Racemic Substances, and their Resolution into Optically Active 
Constituents. 


196. Optically active isomerides display no difference in their 
physical or in their chemical properties, except the rotation of the 
plane of polarized light in opposite directions, and certain physio- 
logical effects not yet explained. They have, therefore, the same 
solubility, boiling-point, and melting-point; their salts crystallize 
with the same number of molecules of water of crystallization; and 
so on. It follows that the resolution of an optically inactive 
substance into its optically active components cannot be effected 
by the ordinary methods, since these are based on differences in 
physical properties. 

Pasrrur has devised three methods for effecting this resolution. 
The first depends upon the fact that racemates sometimes crystal- 
lize from solution in two forms, one corresponding to the dextro- 
salt, and the other to the lwvo-salt: these can be mechanically sep- 
arated. Pasteur effected this for sodium ammonium racemate, 
CgHg0;2Na2(NH4)2+2H20. Later, van ’r Horr proved that crys- 
tals of the dextro-tartrate and levo-tartrate are only obtained from 
this solution at temperatures below 28°, the transition-point for 
these salts (‘Inorganic Chemistry,” 70): 


2Na(NH4)C4H40¢-4H20 = Cg sHsO1 2Nae(NH4)2-2H20 +6H,0. 


Dextro-+lxevo- Na-NH,-tartrate Na-NH,-racemate 


Fig. 66 represents the crystal-forms of the two tartrates, the 
difference between them being due to the positions of the planes 
a and b. The crystal-forms are mirror-images, and cannot be 


made to coincide. 


Sometimes separation can be effected by inoculating a super- 
saturated solution of the racemic compound with a crystal of another 
substance isomorphous with only one of the components. By thus 
inoculating a supersaturated solution of sodium ammonium racemate 
with J-asparagine (231), VON OSTROMISSLENSKY isolated sodium 
ammonium dextro-tartrate in crystalline form. 
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PastrEur’s second method of resolution depends upon a differ- 
ence in solubility of the salts formed by the union of optically active 
acids with optically active bases. When a dextro-acid or a levo- 
acid is united with an optically inactive base, as in the metallic 
salts, the internal structure of the molecule remains unchanged: 
the constitution of the salt-molecules, like that of the free acids, can 
be represented by configurations which are mirror-images. But it 
is otherwise when the dextro-acid and the levo-acid are united 
with an optically active (for example, a dextro-rotatory) base: the 
configurations of the salt-molecules are then no longer mirror- 
images, and identity of physical properties must of necessity cease. 

Racemie acid can be thus resolved by means of its cinchonine 
salt, since cinchonine levo-tartrate is less soluble than the dextro- 
tartrate, and crystallizes out from solution first. Strychnine can 
be advantageously employed in the resolution of lactic acid, and 
other similar examples might be cited. 


4 “Eee Ae 
Ria sae ees SSeS SSS] 
iE 
Aa ee 


Fic. 66.—CrYSTAL-FORMS OF THE SODIUM AMMONIUM TARTRATES. 


The conversion of enantiomorphic isomerides into derivatives 
with configurations which are no longer mirror-images of one an- 
other can be otherwise effected: thus, for acids, by the formation 
of an ester with an optically active alcohol. .The velocity of ester- 
formation with an optically inactive alcohol must be the same for 
both isomerides, on account of the perfectly symmetrical structure 
of the esters formed; but with an optically active alcohol the two 
isomerides are not esterified at the same rate, since the compounds 
formed are no longer mirror-images of one another. MarcKwa.Lp 
found that when racemic mandelic acid (391, 3) is heated for one 
hour at 155° with menthol (412), an active alcohol, the non- 
esterified acid is levo-rotatory. 

The third method of fission devised by Pastgeur depends on 
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the action of mould-fungi (Penicillium glawcum), or of bacteria. 
Thus, when racemic lactic acid in very dilute solution is treated 
with the Bacillus acidi levolactici, after addition of the necessary 
nutriment for the bacteria, the optically inactive solution becomes 
levo-rotatory, since only the dextro-rotatory acid is converted by 
the bacilli into other substances. A dilute solution of racemic acid, 
into which traces of the mould-fungus Penicillium glaucum have 
been introduced, becomes levo-rotatory, the fungus propagating 
itself with decomposition of the dextro-rotatory acid. 

The second and third methods of resolution are alike in prin- 
ciple. During their growth the bacteria and fungi develop sub- 
stances called enzymes (219), which decompose compounds by 
means hitherto unexplained. These enzymes are optically active; 
hence, a difference in their action on the optical isomerides, analo- 
gous to that described in the previous paragraph, is to be expected. 

197. When a racemic substance is liquid or gaseous, it consists 
only of a mixture of the two enantiomorphic isomerides: an ex- 
ample of this is afforded by racemic acid in solution and in the 
form of esters (193). If the substance is crystalline, there are three 
possibilities. 

First, the individual crystals may be dextro-rotatory or levo- 
rotatory, so that the two modifications can be mechanically 
separated. This is expressed by the statement that the racemic 
substance is a conglomerate of the isomerides. 

Second, it may be a true compound of the dextro-modification 
and lwvo-modification, a racemic compound or racemoid, its forma- 
tion being comparable to that of a double salt, when a solution 
containing two salts is allowed to crystallize under certain conditions. 

The third possibility is also analogous to the crystallization of 
salt-solutions, whereby crystals are sometimes obtained containing 
both salts, but in proportions varying in different crystals. It 
sometimes happens that the salts crystallize together in all propor- 
tions, but usually these can vary only between certain limits. This 
simultaneous crystallization of salts yields the so-called mized crys- 
tals; and optical isomerides produce pseudoracemic mixed crystals. 

The variety of crystals obtained from a given solution or fused 
mass of a racemic substance—a conglomerate, a racemic compound, 
or pseudoracemic mixed crystals—depends upon the temperature 
of crystallization, and upon other conditions. An example of this 
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is afforded by sodium ammonium racemate (196):- when concen- 
trated above 28° the racemate crystallizes from the solution of this 
salt; below this temperature a mixture of the individual tartrates 
—the conglomerate—is obtained. 

Baxuuis RoozrBoom has indicated a method of distinguishing 
between these three classes of compounds. For a conglomerate, 
this is simple. A saturated solution is made: it must be optically 
inactive, and saturated alike for the dextro-rotatory and for the 
leevo-rotatory body. If now the solid dextro-compound or lzevo- 
compound is added, and the mixture agitated, nothing more will 
dissolve, the liquid being already saturated with respect to the two 
isomerides: the amount of dissolved substance is still the same, and 
the solution remains optically inactive. On the other hand, if a 
racemic compound was present, although the solution was saturated 
in the first instance with regard to this, it is unsaturated with re- 
spect to the two optically active modifications: addition of the 
solid dextro-rotatory or levo-rotatory substance will cause a change 
in the total quantity of solid dissolved, and the liquid will become 
optically active. Less simple methods are sometimes necessary to 
detect pseudoracemic mixed crystals. 


IV. POLYBASIC HYDROXY-ACIDS. 


198. Of these acids it will be sufficient to describe the tribasic 
citric acid, CgsHgO7, which is widely distributed in the vegetable 
kingdom, and is also found in cows’ milk. It is prepared from the 
juice of unripe lemons, which contains 6-7 per cent. Tricalcium 
citrate dissolves readily in cold water, but very slightly in boiling 
water: this property is employed in the separation of the acid from 
lemon-juice, it being obtained in the free state by addition of sul- 
phuric acid to the citrate. Another technical method for its prepa- 
ration depends upon the fact that certam mould-fungi (Citromyces 
plefferianus and C. glaber) produce considerable quantities of citric 
acid from dextrose or sucrose. 

Citric acid can be obtained synthetically by a method prov- 
ing its constitution. On oxidation, symmetrical dichlorohydrin, 
CH.C]-CHOH-CH,ClI (162), is transformed into symmetrical di- 
chloroacetone, CHsCl-CO.CH2Cl. The eyanohydrin-synthesis con- 
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OH 
verts this into CH,C1-CC-CHACL and hydrolysis yields the hydroxy- 
CN 


/OH 
acid, CH2Cl-C—CH,Cl. On treatment of this compound with 
* \NCOOH 


potassium cyanide, a dicyanide is formed, which can be hydro- 
lyzed to citric acid: 


Ge ea ee ae 
C<cooH > ?<COOH - 
CH2-CN CH2-COOH 
The alcoholic character of citric acid is indicated by the forma- 
tion of an acetyl-compound from triethyl citrate and acetyl chloride. 
Citric acid forms well-defined crystals containing one molecule 
of water of crystallization, and is readily soluble in water and alco- 
hol. It loses its water of crystallization at 130°, and meits at 153°. 
It is employed in the manufacture of lemonade, and in ealico- 
printing. 


DIALDEHYDES AND DIKETONES: HALOGEN-SUBSTITUTED 
ALDEHYDES AND KETONES. 


Dialdehydes. 
199. The simplest member of the series of dialdehydes, glyozal, 
is a combination of two aldehydo-groups, 5 OOK It is best 


prepared by carefully floating a layer of water on the surface of 
strong nitric acid contained in a tall glass cylinder, and pouring 
ethyl alcohol on the surface of the water, care being taken that 
the layers do not mix. The nitric acid and alcohol diffuse ito 
the water; and the alcohol is slowly oxidized to glyoxal, glycollic 
acid, oxalic acid, and other substances. 

Thus prepared, glyoxal is a colourless, amorphous substance: 
when moist, it dissolves readily in water, but very slowly after 
complete drying in vacuo at 110°-120°. Itis a polymeride of un- 
known molecular weight, although its aqueous solution reacts as 
though it contained only simple molecules. Distillation of this 
polymeride with phosphoric anhydride evolves an emerald-coloured 
gas, condensable by cooling to beautiful yellow crystals, which at 
a lower temperature become colourless. They melt at 15°, and 
the yellow liquid thus obtained boils at 51°. It is unimolecular 
glyoxal, and can only exist as such fora short time: traces of water 
readily polymerize it. The unimolecular form is the simplest type 
of coloured compound, containing only carbon, hydrogen, and 
oxygen. 

The combination of glyoxal with two molecules of sodium 
hydrogen sulphite, and the formation of a dioxime, prove 
it to bea double aldehyde. It also has the other properties pecul- 
iar to aldehydes, such as the reduction of an ammoniacal silver 
solution with formation of a mirror. On oxidation, it takes up 
two atoms of oxygen, yielding oxalic acid, of which it is the dial- 

248 
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dehyde. Treatment with caustic potash converts glyoxal into 

glycollic acid, one aldehydo-group being reduced and the other 

oxidized. This reaction may be explained by the assumption 

that an addition-product with water is formed, in accordance with 
the scheme 

cH oil ie 

rae o + H20 = CH,OH-COOH. 


Glycollie acid 
Succindialdehyde, QC: CH2-CHe2-Co, has been prepared by 


Harries by the action of ozone upon a chloroform solution of 
dially!, CH2:CH-CH,—CH2-CH:CH2. An addition-product—a 
diozonide—is formed, 


CH2-CH-CH2z—CH2-CH-CHa, 
SW Dee 
Oz O3 
each double linking uniting with one molecule of ozene. This 
diozonide is a syrup-like, explosive liquid. When heated slowly 
with water, it decomposes, forming succindialdehyde. 

Harries has prepared several analogous ozonides, each double 
linking always taking up O03. Water decomposes these ozonides in 
accordance with the scheme 

>C—C< + HoO = >CO+0C< 4+ He0p. 


Sw 
O3 


The formation cf these ozonides and their decomposition by 
water afford an excellent method for determining the position in 
the molecule of double linkings. Its application to the case of 
oleic acid has confirmed the formula indicated in 144. 


Diketones. 


2090. The diketones contain two carbonyl-groups: their proper- 
ties and the methods employed in their preparation depend upon 
the relative position of these groups. 1:2-Diketones with the 

Cae ee eee 
group —CO-CO— are known: 1:3-diketones with —CO-CH2:CO—: 


tet? 3 4 
1:4-diketones with —CO-CH»2-CH»-CO—: and so on. 
1:2-Diketones cannot be obtained by the elimination of chlorine 
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from the acid chlorides by the action of a metal, in accordance with 


the scheme 
R-CO(Cl+ Naz +CllOC-R. 


Their preparation is effected by the action of amyl nitrite and a 
small proportion of hydrochloric acid on a ketone, one of the CHe- 
groups being converted into C—NOH: 


R-CO-C[Hp|-R’ R-CO-C-R’ 
0} = l 
NOH NOH 


These compounds are called isonitrosoketones. When boiled with 
dilute sulphuric acid, the oxime-group is eliminated as hydroxyl 
amine, with formation of the diketone. The ketoaldehydes are both 


A 
ketones and aldehydes, and contain the group OG they, 


too, can be obtained by this method. 

Diacetyl, CH3-CO-CO-CH3, can be prepared from methylethyl- 
ketone in the manner indicated. It is a yellow liquid of pungent, 
sweetish odour, and is soluble in water: its vapour has the same 
colour as chlorine. Diacety] boils at 88°, and has a specific gravity 
of 0-973 at 20°. Its behaviour points to the presence of two car- 
bonyl-groups in the molecule: thus, it adds on 2HCN, yields a 
mono-oxime and a dioxime, and so on. The adjacency of the 
two carboryl-groups in diacetyl is proved by its quantitative con- 
version into acetic acid under the influence of hydrogen peroxide: 

CH3-CO—|CO-CH3 
+ OH|OH 
1:3-Diketones can be prepared by a condensation-method of 
general application discovered by CuLaiseN and WISLICENUS. 
Sodium ethoxide is the condensing agent. An addition-product 
is formed by the interaction of this substance and an ester: 


— 2CH3-CO-OH. 


O Na /2Na 
R-0% am SRiC2O0CGHs 


The addition-product is then brought into contact with a ketone 
R’-CO-CHs3, two molecules of aleohol being eliminated with forma- 
tion of a condensation-product: 
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ONS erat 
R-C-(00G=8 , Hien .cammar gc 
Nioce tH|C# CO-R’=R Ce eae +2C,H;OH. 


On treatment of this compound with a dilute acid, the sodium 
atom is replaced by hydrogen. This might produce a compound 
with a hydroxyl-group attached to a doubly-linked carbon atom; 
but usually compounds of this type are unstable, the group 
OH 
—C=CH— changing to —CO—CH,2—. The principle applies in 
OH 


POCO yielding a 1:3-diketone, 


the present instance, 
R-CO—CH,2—CO-R’. 


CLAISEN has found that sodamide, Na-NHpg, can be substituted 
advantageously for sodium ethoxide in the condensation of ketones 
with esters. Frequently, it not only facilitates the reaction, but 
~ increases the yield. 

Another method for the preparation of 1:3-diketones is the action 
of acid chlorides on the sodium compounds of acetylene homologues: 


CH,- (CH,),-C=C OC-CH, — CH, (CH,),-C=C-CO-CH. 
Sodio-n-amylacetylene Acetyl chloride 

By treating this ketone with concentrated sulphuric acid, water is 

added, and the desired diketone obtained: 

CH, (CH,),-C=C-CO-CH,=CH,- (CH,),-CO-CH,-CO-CH,. 
+ O H, 

These diketones have a weak acidic character, their dissocia- 
tion-constants being very small. Among others, that of acetyl- 
acetone, CH3-CO-CH2-CO-CHs, has been determined. They con- 
tain two H-atoms replaceable by metals. These must belong to 
the methylene-group between two negative carbony]l-groups; for if 
the other hydrogen atoms could be thus exchanged for metals, 
there is no reason, since they are of equal value, that two, and only 
two, should be replaceable. 

Acetylacetone is obtained by the condensation of ethyl acetate and 
acetone. It is a colourless liquid of agreeable odour, boils at 137°, 
and has a specific gravity of 0-979 at 15°. When boiled with water, 
it decomposes into acetone and acetic acid, a reaction affording 
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another example of the instability of compounds containing a car- 
bon atom loaded with negative groups. 

Among the salts of acetylacetone is the copper salt, (C;H,O,).Cu, 
which is sparingly soluble in water; and the volatile aluminium salt, 
(C;H,0,),Al. By a determination of the vapour-density of this 
compound, Combes has shown that the aluminium atom is tervalent. 

These metallic compounds have properties differing from those 
of ordinary salts. Unlike true salts, they are soluble in benzene, 
chloroform, and other organic solvents. Their aqueous solutions are 
almost non-conductors of electricity. They either do not answer to 
the ordinary tests for the metals, or else react very slowly. The 
ferric and aluminium salts, in which both base and acid are very 
weak, do not undergo hydrolytic dissociation, but diffuse unchanged 
through parchment-paper. In these respects they resemble mercuric 
cyanide (‘‘Inorganic Chemistry,” 274), which is practically not 
ionized in aqueous solution, and therefore lacks all the properties 
characteristic of ordinary salts. 


A type of the 1:4-diketones is acetonylacetone, 
CH3-CO-CH»-CH2-CO-CHs3, 


the preparation of which is described in 251. It is a colourless 
liquid of agreeable odour: it boils at 193°, and has a specific gravity 
of 0-970 at 21°. Acetonylacetone and other 1:4-diketones yield 
cyclic compounds, which are dealt with in 457-460. 


Halogen-substituted Aldehydes. 
H 
201. Chloral or trichloroacetaldehyde, CCls-CC is of great 


therapeutic importance, since with one molecule of water it forms 
a crystalline compound known as chloral hydrate, and employed as a 
soporific. Chloral is technically prepared by saturating ethyl alcohol 
with chlorine. The alcohol must be as free from water as possible, 
and the chlorine carefully dried. At first the reaction-mixture is 
artificially cooled, but after a few days the process becomes less 
energetic, and the temperature is slowly raised to 60°, and finally 
to 100°. 

The reaction may be explained by assuming that the alcohol 
is first converted into aldehyde, which is then transformed into 
acetal, dichloroacetal, and trichloroacetal: the last compound is 
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converted, by the hydrochloric acid produced, into chloral alcohol- 


ate, CrecH s Dichloroacetal and other intermediate 


products of this reaction have been isolated: 
IC] 13: 


CH3-CH,OH+Cl, = CH3-CH< OH SeISUCI c= CH3-Co +2HCl; 
Alcohol Aldehyde 
1 ante shew Ae a 
CH3 Co Hoc = Cee OO OG. H; +H,0; 
s] OC2Hs X ‘ ae 
Acetal Ne Oa 
1] \ OC2H; Van] ‘ OC2H5 
— CCl acento) (08 PENG) CCl3-CH< O75 3 
Trichloroacetal Chloral alcoholate 


The final product of chlorination is a crystalline mixture of chloral 
alcoholate, chloral hydrate, and trichloroacetal, from which chloral 
is obtained by treatment with concentrated sulphuric acid. It is 
an oily liquid of penetrating odour, boiling at 97°, and having a 
specific gravity of 1-512 at 20°. When treated with water, it is 
converted with evolution of heat into the well-crystallized chloral 

OH 


hydrate. To this compound is assigned the formula CCl3-CH< OH’ 
as it does not show all the aldehyde-reactions. For example, it 
does not restore the red tint of a solution of magenta (425) which 
has been decolorized with sulphurous acid (116, 3). Chloral 
hydrate is, therefore, one of the few known compounds containing 
two OH-groups in union with a single C-atom (249 and 253). 

Otherwise, chloral behaves as an aldehyde: for instance, it 
reduces an ammoniacal silver solution with formation of a mirror, 
and is oxidized by nitric acid to trichloroacetic acid. Solutions of 
the alkalis decompose it at ordinary temperatures with formation 
of chloroform and formic acid: 


Tal H JO 
COs — CClH+HCC 
+ HIHO ‘OH 


On account of its purity, chloroform prepared in this manner is 
preferred for pharmaceutical use. 
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The formation of chloroform from chloral by the action of 
alkaline liquids originally suggested the use of chloral as a soporific: 
it was expected that the alkaline constituents of the blood would 
decompose it with the formation of chloroform in the body itself. 
LiesreicH showed that chloral has in fact a soporific action, but 
more recent investigation has proved this to be independent of the 
formation of chloroform, since the chloral is eliminated from the 
system as a complicated derivative, urochloralic acid. 


Halogen-substituted Ketones. 


202. An example of this class of compounds, dichloroacetone, 
CH.Cl-CO-CH.Cl, is mentioned in 198. Variously substituted 
ketones, some of which have a powerful odour, are obtained from 
acetone by direct chlorination. 


ALDEHYDO-ALCOHOLS AND KETO-ALCOHOLS OR 
SUGARS. 


203. Aldehydo-alcohols and keto-alcohols are natural products, 
and are very widely distributed. They are called carbohydrates, 
sugars, or saccharides. They contain one carbonyl-group and 
several hydroxyl-groups. One of the hydroxyl-groups must be linked 
directly to a carbon atom in union with the carbonyl-group, so that the 
characteristic group of these compounds is —CHOH—COQ—. 

The sugars are classified as polyoses and monoses. On hydrolysis, 
the polyoses yield monoses, which have lower molecular weights 
than their parent substances, but possess all the properties charac- 
teristic of the sugars. The monoses do not admit of further 
hydrolysis to simpler sugars. They will be considered first. 


Nomenclature and General Properties of the Monoses and their 
Derivatives. 


204. When the monoses are aldehydes they are called aldoses, 
and when ketones, ketoses. The number of carbon atoms in the 
molecule is indicated by their names: thus, pentose, hexose, heptose, 
etc. To distinguish between aldoses and ketoses the prefixes 
“‘aldo-” and ‘‘keto-” respectively are used; as aldohexose, keto- 
hexose, and so on. 

When the polyoses may be regarded as derived from two monose 
molecules by the elimination of one molecule of water, they are 
called dioses; thus, hexodioses when they are formed from two 
molecules of hexose. The polyoses derived from three monose 
molecules by the elimination of two molecules of water are called 


trioses; as hexotriose, etc. 
255 
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Like other aldehydes, the aldoses are converted vy oxidation 
into monobasic acids containing the same number of carbon atoms, 
the pentoses yielding the monobasic pentonic acids, the hexoses tie 
hexonic acids, etc. The oxidation can be carried further; for the 


H 
general formula of an aldose is CHOH- (CHOH)_-C¢, (206), 


and the group —CH,OH can be oxidized to carboxyl, yielding a 
dibasic acid containing the same number of carbon atoms as the 
aldose from which it is derived. On oxidation, the ketoses yield 
acids containing a smaller number of carbon atoms. 

On reduction, the aldoses and ketoses take up two hydrogen 
atoms, with formation of the corresponding alcohols: thus, hexose 
yields a hexahydric alcohol, and pentose a pentahydric alcohol (206 
and 208). 

205. Four reactions are known which are characteristic of all 
monoses: two of these they possess in common with the aidehydes 
(116). 

1. They reduce an ammoniacal silver solution on warming, 
forming a metallic mirror. 

2. When warmed with alkalis, they give a yellow, and then a 
brown, coloration, and ultimately resinify. 

3. When an alkaline copper solution (FEHLING or Ost, 192) 
is heated with a solution of a monose, reduction takes place, with 
formation of yellow-red suboxide of copper. 

4. When a monose is heated with excess of phenylhydrazine, 
CoHs-NH-NHa, in dilute acetic-acid solution, a yellow compound, 
crystallizing in fine needles, is formed: substances of this type are 
insoluble in water, and are called osazones. Their formation may 
be explained as follows. 

It is mentioned in 203 that the sugars are characterized by 
containing the group —CHOH—CO—. The action of phenyl- 
hydrazine on a carbonyl-group has already been explained (112); 
water is eliminated, and a hydrazone formed: 


oaetee | 
ClO +H.|N-NHC.Hs — oe eee aren ae 
ita: 


A second molecule of phenylhydrazine then reacts with the group 
—CHOH—, from which two hydrogen atoms are eliminated, the 
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molecule of phenylhydrazine being decomposed into ammonia and 
aniline: 


CeHs-NH-NH, = CsHs-NH>+NHs. 


Phenylhydrazine Aniline 


+ HH 


The elimination of two hydrogen atoms from the group —CHOH— 
converts it into a carbonyl-group, —CO—, with which a third 
molecule of phenylhydrazine reacts, forming a hydrazone, so that 


| | 
CHOH ~ —N-NHC.H; 

the group | is converted into | . This group 
ie aii caiieiad 


is characteristic of the osazones. 

The osazones dissolve in water with difficulty. This property 
makes them of service in the separation of the monoses, which are 
very soluble in water, and crystallize with great difficulty, especially 
in presence of salts, and hence often cannot be purified by crystal- 
lization. By means of the sparingly soluble osazones, however, they 
can be separated: the osazones are readily obtained in the pure 
state by crystallization from a dilute solution of pyridine (449). 
Moreover, the identity of the monose can be established by a deter- 
mination of the melting-point of the osazone obtained from it. 


Constitution of the Monoses. 


206. It is shown later that the constitution of all the monoses 
follows from that of the aldohexoses, the structure of which can be 
arrived at as follows: 

1. The aldohexoses have the molecular formula CgH, 20g. 

2. The aldohexoses are aldehydes, and, therefore, contain a 
carbonyl-group in the molecule. This follows from the facts that 
they show the reactions characteristic of aldehydes; that they are 
converted by oxidation into acids containing the same number of 
C-atoms, and by reduction into an alcohol; and that they form 
addition-products with hydrocyanic acid. 

3. All known hexoses contain a normal chain of six carbon 
atoms, since they can be reduced to a hexahydric alcohol, which, 
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on further reduction at a high temperature with hydriodic acid, 
yields n-secondary hexyl iodide, CH3-CH2-CHI-CH2-CH2-CHs3. 


The constitution of this iodide is inferred from the fact that it can 
be converted into an alcohol, which on oxidation yields 


CH,-CH,-CO-CH,-CH,-CH,; 


for on further oxidation this is converted into n-butyric acid and 
acetic acid. 


4. The hexoses have five hydroxyl-groups, since, when heated 
with acetic anhydride and a small quantity of sodium acetate or 
zine chloride, they yield penta-acetyl-derivatives. 

These facts indicate the existence in an aldohexose of 


a normal carbon chain, C—C—C—C—C—C; 


af 
an aldehydo-group, C—C—C—C—C—C¢ 0} and 


(Carer rane 
five hydroxyi-groups, | | | | O 
OHOHOHOHOH 


There are six other hydrogen atoms in the formula CgH;.0¢, and 
these will fit in with the last scheme, if the C-atoms of the chain 
are singly linked to each other: the formula of an aldohexose will 
then be 

Aal 


ae een tice. 0. 


Ol ORO FO CO 


In these formule a somewhat arbitrary assumption has been 
made as to the distribution of the hydroxyl-groups and hydrogen 
atoms relative to the carbon atoms; it is, however, in accordance 
with the principle (155) that a carbon atom cannot usually have 
linked to it more than one hydroxyl-group. A more convincing 
proof of the fact that the monoses do not contain two hydroxyl- 
groups attached to the same carbon atom, is afforded by the fol- 
lowing considerations. 

When a hexose, CgH120¢, is reduced to a hexahydrie alcohol, 
(gH 1406, only two hydrogen atoms are added, and this addition 
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must take place at the doubly-linked oxygen atom, since the carbon 
chain remains unbroken. If the hexose contains two hydroxyl- 
groups attached to one carbon atom, so must also the hexahydrie 
alcohol derived from it. Compounds containing a C-atom linked 
to two OH-zroups readily lose water, with formation of aldehydes 
or ketones: they also possess most of the properties characteristic 
of these substances (201). The hexahydric alcohols, however, 
have an exclusively alcoholic character, and do not exhibit any 
of the reactions of aldehydes and ketones. It follows that the 
hexahydric alcohols, and hence the hexoses, cannot contain two 
hydroxyl-groups linked to a single carbon atom. 

The possibility of the attachment of three hydroxyl-groups to 
one carbon atom is also excluded, since, when the production of 
a compound with such a grouping might be expected, water is 
always eliminated, with formation of an acid (86): 


Ou 
—CO|H. 
OH 


The monoses have none of the properties which distinguish acids: 
their aqueous solutions do not conduct the electric current; whereas 
the dissociation-constant for an acid containing so many OH- 
groups should be considerably higher than for a saturated fatty 
acid, such as acetic acid (183). 


With calcium and strontium hydroxides, and other bases, the 
carbohydrates form compounds called saccharates, which are, there- 
fore, to be looked upon as alkoxides (55). 


It follows from these considerations that the constitution of the 
aldohexoses cannot be other than that given above, and, since the 
same method of proof is applicable to each member, they must all 
have the same constitutional formula, and are therefore stereoiso-~ 
merides. This is due to the presence in the molecule of asymmetric 
carbon atoms: an aldohexose has four such atoms, indicated by 
asterisks in the formula 


H 


CH,OH-CHOH-CHOH-CHOH-CHOH.-C a 
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Methods of Formation of the Monoses. 


207. 1. From the polyoses, by hydrolysis; that is, decomposi- 
tion with addition of water 

2. From the corresponding alcohols, by the action of oxidizing 
agents, such as nitric acid. Arabitol, C5H,205, yields arabinose, 
C5H,905; xylitol yields xylose; mannitol yields mannose; etc. 


When glycerol is carefully oxidized with nitric acid, or with 
bromine and sodium hydroxide, a syrupy liquid is obtained, which 
shows the four reactions typical of monoses (205): it is called 
glycerose. Its osazone, glycerosazone, 


CH.OH 
C—N-NH-C,H, 
C=N-NH-C,H, 
H 


crystallizes in yellow leaves, melting at 131°. Glycerose is dihydrozy- 
acetone, CH,OH-CO-CH,OH, asis proved by the cyanohydrin-syn- 
thesis (182, 5), by means of which trihydroxyzsobutyric acid, 


lene 
CH,OH—C—CH,OH, 


COOH 


isobtained. The structure of this acid is inferred from its reduction 
to isobutyric acid. In accordance with the nomenclature already 
indicated, glycerose is a triose. 

When sorbose-bacteria are cultivated in a solution of glycerol, the 
final product obtained by the action of the atmospheric oxygen is 
dihydroxyacetone. These bacteria can also oxidize other polyhydric 
alcohols to ketoses. 


3. From bromo-compounds of aldehydes, by exchange of 
bromine for hydroxyl, which can be effected by cold baryta-water. 
In this manner the simplest member of the sugars, glycollaldehyde, 
CH,OH-CO, is obtained from monobromoaldehyde, CH,Br-CO): it 
shows all the reactions of the monoses. 
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H 
QO’ 
which is converted by the action of baryta-water into glyceraldehyde. 


The addition of bromine to acrolein (147) yields CH,Br-CHBr-C 


4. From formaldehyde, by the action of lime-water (aldol- 
condensation). The crude condensation-product, called formose, 
is a sweet, syrup-like substance: it consists of a mixture of com- 
pounds of the formula CgH,20,. In this reaction, six molecules of 
formaldehyde undergo the aldol-condensation (115): 


pat eee a 


| le 
HCO + HOO|-- HCO = 106 + HCO + HCO = 


le els Wea so oter al oH, 
OH O8s-0OH, -OH, - 0 


By the aid of sunlight and moisture, plants are able to convert 
the carbon dioxide of the atmosphere into starch, a polyose of the 
formula (C,H,,O;)x- The reaction may be represented empirically, 
thus: 


= H,COH-CA,,-CAy-CAy,-C 


6CO, ae 5H,O = C,H.O, Se 60,. 


Von Banyer has suggested that the carbon dioxide, CO,, is first 
reduced to formaldehyde, CH,O, which condenses to a monose, the 
latter being then converted into the polyose, starch. 

BerTHELOT has obtained substances of the nature of carbo- 
hydrates by the action of a silent electric discharge on a mixture 
of carbon dioxide, carbon monoxide, and hydrogen. 


A hexose can also be obtained from glyceraldehyde, two mole- 
cules of which yield, by the aldol-condensation, one molecule of the 
hexose. This hexose is called acrose, on account of its relation to 
acrolein, from which glyceraldehyde can be obtained by method 3. 
Acrose is a constituent of formose, and, like all compounds pre- 
pared by purely chemical synthesis, is optically inactive. 

5. A very important general method for the conversion of an 
aldose into another containing one more carbon atom in the mole- 
cule is the formation of an addition-product with hydrocyanic acid. 
An aldohexose yields a cyanohydrin which is converted on hydrol- 
ysis into a monobasic acid containing seven C-atoms, 


r B a 
CH,OH-CHOH-CHOH-CHOH-CHOH-CHOH-COOH. 
1 2 3 4 5 6 7 
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The y-hydroxyl-group reacts easily with the carboxyl-group, form- 
ing a lactone, 


CH,OH-CHOH-CHOH -CH.CHOH .CHOH-CO. 
| re) 


In aqueous solution, these lactones can be reduced by sodium-amal- 
gam to the corresponding aldehydes, the aldoses. 

The great importance of this ‘synthesis consists in the theore: 
tical possibility of obtaining from the lower members, step by step, 
aldoses with any desired number of C-atoms in the molecule, by 
repeated application of the cyanohydrin-synthesis, and reduction 
of the lactone thus obtained. It has thus been possible to prepare 
nonoses, With nine C-atoms, by conversion of an aldohexose into a 
heptonic acid, the lactone of which can then be reduced to a heptose. 
This compound can be converted into an octose, and the latter into 
a nonose, by the same process. 


I. MONOSES. 
Pentoses. 


208. Reference has already been made to the dioses and trioses 
(204). Tetroses can be obtained by the oxidation of pentonic 
acid, in the form of its calcium salt, by means of hydrogen peroxide, 
a small quantity of ferric acetate being used as a catalyst: 


CH,OH-CHOH-CHOH-CHOH-COOH+0= 


Pentonie acid 


= CH,OH-CHOH-CHOH-CG +C0:+HL0. 


Tetrose 


Also pentoses can be obtained from hexoses by this method. 

A number of different pentoses have been identified, among 
them arabinose and xylose, both of which are present in many plants 
as polyoses, called pentosans. 

Arabiose can be prepared by boiling gum-arabic or cherry- 
gum with dilute acids. Xylose, or wood-sugar, can be got similarly 
from bran, wood, straw, and other substances, especially the shells 
of apricot-stones. Arabinose and xylose can be prepared from any 
plant-cells which have been converted into wood, and which show 
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the reactions of lignin (227). The racemic modification of arabin- 
ose is present in the urine of patients suffering from the disease 
known as pentosuria. 

Arabinose forms well-defined crystals, melts at 160°, and has 
a sweet taste. its osazone melts at 157°. Xylose also crystallizes 
well, and yields an osazone which melts at 160°. 

Arabinose and xylose are aldoses, and have the same formula, 


CH,OH -CHOH-CHOH-CHOH.CG. 
This constitution is proved by their conversion, on gentle oxidation 
with bromine-water, into arabonic acid and xylonic acid respectively, 
both of which have the formula CH,OH- (CHOH)3-COOH, and are 
therefore stereoisomeric. On stronger oxidation, both arabinose 
and xylose yield trihydroxyglutaric acid, COOH: (CHOH)3-COOH, 
the constitution of which follows from its reduction to glutaric 
acid. The acid obtained from arabinose is optically active, and 
that from xylose is inactive, so that they, too, are stereoisomerides. 
On reduction, these two pentoses yield respectively arabitol and 
xylitol, which are stereoisomeric pentahydric alcohols. Arabinose 
and xylose can be converted into hexoses by the cyanohydrin- 
synthesis, a proof that neither contains a C-atom in union with more 
than one OH-group (206), and that each has a normal carbon chain: 


CH,OH-(CHOH)s-CH — CH,OH. (CHOH),-CH<O 8. 


Pentose 
—> CH,OH- (CHOH)3-CHOH-COOH. 


Hexonic acid 


This hexonie acid yields a lactone which, on reduction, gives the 
hexose. Arabinose and xylose contain three asymmetric C-atoms, 
and are optically active. 

The pentoses have one property in common, by which they 
may be recognized and distinguished from hexoses. When boiled 
with dilute sulphuric acid, or hydrochloric acid of sp. gr. 1-06, the 
pentoses and their polyoses form a volatile compound, furfuralde- 
hyde, CsH4O» (458), which, on treatment with aniline and hydro- 
chloric acid, yields an intense red dye. 

The presence of the polyose of xylose can be detected in such a 
substance as straw by distillation with hydrochloric acid of sp. gr. 
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1-06. With aniline and hydrochloric acid, the distillate gives an in- 
tense red coloration, and with phenylhydrazine yields a phenyl- 
hydrazone very sparingly soluble in water. Both these reactions 
indicate the presence of furfuraldehyde. 


Hexoses. 


209. The hexoses are colourless compounds of sweet taste, 
which are difficult to crystallize, and cannot be distilled without 
decomposition. They dissolve readily in water, with difficulty in 
absolute alcohol, and are insoluble in ether. Since all the aldo- 
hexoses are stereoisomerides (206), their oxidation-products, the 
monobasic and dibasic acids, are also stereoisomerides. 

1. Dextrose (d-glucose or grape-sugar) is present in many plants, 
notably in the juice of grapes, and in other sweet fruits: it is found 
in the urine of diabetic patients, and in small quantities innormal 
urine. It can be obtained from many polyoses; for example, cane- 
sugar is converted by hydrolysis—inversion (215)—into a mixture 
of dextrose and levulose (209, 2), called invert-sugar. The tech- 
nical preparation of dextrose from starch, by boiling with dilute 
acids, is likewise a case of hydrolysis. 

Dextrose crystallizes from water, or alcohol, with some diffi- 
culty: the crystals obtained from methyl alcohol contain no water 
of crystallization, and melt at 146°. It is mentioned in 47 that, 
dextrose can be readily fermented, producing chiefly alcohol and 
carbon dioxide. Natural dextrose is dextro-rotatory: a levo- 
rotatory and an optically inactive modification have been arti- 
ficially prepared. Thedextro-rotatory, levo-rotatory, and optically 
inactive isomerides are respectively distinguished by the prefixes 
d (dexter), | (levus), and v (vnactive); thus, d-glucose, I-glucose, 
i-glucose. 


By convention, all other monoses derived from a d-hexose, 
I-hexose, or i-hexose are also distinguished by the letters d, 1, or 7, 
even when they possess a rotatory power opposite in sign to that 
indicated by these letters. ‘Thus, Jevulose or ordinary fructose, 
which can be obtained from dextrose or d-glucose, and is levo- 
rotatory, is also called d-fructose on account of its genetic relation to 
d-glucose. The same method of classification is adopted for the 
hexahydric alcohols, the hexonic acids, and in general for all deriva- 
tives of the hexoses. 
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Dextrose is an aldose, as is proved by its oxidation to a hexonic 
acid, d-gluconic acid, CH,OH-(CHOH),4:COOH: further oxidation 
produces the dibasic d-saccharic acid, 


COOH: (CHOH),-COOH. 


Saccharic acid forms a characteristic potassium hydrogen salt of 
slight solubility, which serves as a test for dextrose. The substance 
suspected of containing dextrose is oxidized with nitric acid: sac- 
charic acid is produced from this hexose, if present, and can be pre- 
cipitated as potassium hydrogen salt by addition of a concentrated 
solution of potassium acetate. 


On reduction, dextrose yields a hexahydric alcohol, d-sorbitol: 
it also gives an osazone, d-glucosazone, which is soluble with diffi- 
culty in water, and crystallizes in yellow needles which melt at 
204°—-205°. 


Solutions of dextrose and many other sugars furnish examples of 
a phenomenon called mutarotation. When freshly dissolved, such 
substances have a rotatory power other than that possessed by them 
after the lapse of a comparatively short interval of time. Thus, an 
aqueous solution of dextrose at first produces a rotation [a]py =110°: 
after some hours it produces a constant rotation [a]p =52-5°.. The 
attainment of a constant rotatory power is much hastened by boiling 
the solution, and is effected at once by addition of a small quantity 
of caustic potash or ammonia. 

The explanation of this phenomenon must be sought in the par- 
tial conversion of the dextrose or other sugar into another modifica- 
tion of different rotatory power. When the rotation has become 
constant, there is equilibrium between the two modifications. 

TanreET has prepared three different crystalline modifications of 
dextrose, denoted by a, 2, and «. Ordinary dextrose is the a-modi- 
fication: it crystallizes with one molecule of water. When dissolved 
quickly in cold water, the solution produces a rotation [a] =110°. 
When the solid e-form is heated for some days at 105°, it is changed 
to the @-form. In aqueous solution the {-modification at first only 
rotates the plane through [a}])=19°: when allowed to remain for 
some time, or boiled, or mixed with a trace of alkali, the rotation 
rises to [@]y =52-5°. When dissolved in water, the s-modification 
at once causes a rotation [a]p =52-5°, indicating that it is not an 
independent form, but a mixture in equilibrium of the a-modifica- 
tion and $-modification. 

Tanrer has proved by experiment that this surmise is correct. 
A very concentrated solution of the «-modification was made, and 
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crystallized at 0°. When a solution of the crystals thus obtained 
was prepared at a low temperature, its rotation was diminished by 
addition of a small quantity of ammonia, proving that the crystals 
belonged to the a-modification. If the e-form is a mixture of the 
a-modification and the 6-modification, the latter must have remained 
in solution in the mother-liquor, and addition of alkali should increase 
the rotation of this residual solution. Experiment proved that this 
was So. 

Opinion is divided regarding the formula to be assigned to the 
a-modification and $-modification respectively, but both are known 
to have the same molecular weight. Some chemists think that one has 


the formula CH.OH: (CHOH),-C6, containing the aldehydo-group, 


“0, and that the other has a lactone-formula. Others consider 


it probable that both modifications have the lactone-constitution, 
and are stereoisomeric. 


With a small quantity of water, dextrose yields a colourless 
syrup used in the preparation of liqueurs and of confectionery. 


The mechanism of the formation of ethyl alcohol and carbon dioxide 
by the fermentation of dextrose is probably best explained by assuming 
alterations in the relative positions occupied by the hydroxyl- 
groups and hydrogen atoms. It may be supposed that elimination 
of water in the usual manner first takes place, being followed by 
the migration of one hydrogen atom. These changes involve the 
transformation of the group —CHOH-CHOH— by abstraction of 
water into —CH=C(OH)—, which then changes to —CH,-CO—. 
The result is the same as that produced by an exchange of position 
between hydrogen and hydroxyl, followed by elimination of water: 


—CHOH-CHOH— — —CH,-C(OH).— — —CH,-CO—. 


Analogous phenomena are known, among them the formation of 
acrolein from glycerol (158), of pyroacemic from tartaric acid (250), 
and of oxalacetic acid, COOH-CO-CH,-COOH, from tartaric acid. 

Methylglyoxal, which was isolated as osazone, is an inter- 
mediate decomposition-product in the interaction of dextrose and 
dilute alkalis, as indicated in the following scheme: 


H 


CH,OH -CHOH -CHOH-CHOH -CHOH Co = 


(Migration of H and OH) 


+ CH,-C(OH),-C(OH),-CH, -cHoH.cH se 
H OH 


(Decomposition with addition of 1H»O) 
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— CH,-CO.cH and CH,OH-cHOH.cH — H,0 = CH,-co-cH. 
Methyiglyoxal Methylglyoxal 


Lactic acid has been identified as an intermediate product in 
alcoholic fermentation, and may be regarded as derived from 
methylglyoxal in accordance with the scheme 


CH,-C(OH),-C8 > CH,-CHOH.ceH, 


Methylglyoxal Lactic acid 


resulting from a change of position between hydroxyl and hydrogen. 
The lactic acid then loses carbon dioxide, yielding ethyl alcohol: 


CH3-CHOH-CO,H = CH;-CH,OH +COQ,. 


It is not improbable that two enzymes play a part in these 
reactions. One of them may occasion the interchange of position 
leading to the formation of lactic acid; the other may effect the 
decomposition of the lactic acid into alcohol and carbon dioxide. 

The conversion of dextrose into butyric acid by the butyric 
fermentation can also be explained by assuming the intermediate 
formation of lactic acid, and its subsequent transformation into 
formic acid and acetaldehyde. Condensation of acetaldehyde pro- 
duces aldol, which yields butyric acid by transposition of H and OH: 

CH,;-CHO+CH;:CHO=CH;: Cee Hue -CHO-CH;-CH,-CH,-COOH. 
0 


Butyric acid 

2. Levulose (d-fructose or fruit-sugar) is present along with 
dextrose in most sweet fruits. It is a constituent of invert-sugar 
(217), and of honey, which is chiefly a natural invert-sugar. When 
hydrolyzed, inulin, a polyose contained in dahhia-tubers, yields only 
levulose, just as starch yields dextrose. Levulose crystallizes 
with difficulty, being readily soluble in water, although less so than 
dextrose. It is levo-rotatory, and can be fermented. 

Leevulose is a type of the ketoses, but few of which are known. 
Its formula, CH,OH-(CHOH)3-CO-CH20H, is inferred from the 
following considerations. First, when oxidized with mercuric 
oxide in presence of baryta-water, it is converted into glycollie 
acid, CH,0H-COOH, and trihydroxyglutaric acid, 


COOH: (CHOH)3-COOH. 


Since oxidation takes place in the carbonyl-group, the production 
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of these acids necessitates the adoption of this constitutional 
formula. Second, application of the cyanohydrin-synthesis to a 
compound of this constitution would yield a heptonic acid with 


the formula 
CH,OH- (CHOH)3-C(OH)-CH2,OH. 


COOH 


That the heptonic acid obtained from levulose has this consti- 
tution, is proved by heating it at a high temperature with 
hydriodic acid, whereby all the hydroxyl-groups are replaced by 
hydrogen, and a heptylic acid is formed. This acid is identical 
with the synthetic methyl-n-butylacetic acid (251, 2), 


CH3- (CH»)3-CH-CH3 
| ; 
COOH 


The osazone of levulose is identical with that of dextrose. A 
comparison of the formula of dextrose, 


Qa 
CH,OH.- (CHOH),-CHOH-CH, 


with that of levulose, CH2OH-(CHOH)3-CO-CH2OH, shows that 
the two osazones can only be identical if the a-C-atom of dextrose, 
and the terminal C-atom of levulose, respectively unite, after for- 
mation of the hydrazone, with the second phenylhydrazine-residue: 
that is, when in both cases this reaction takes place at a C-atom 
directly linked to a carbonyl-group. For this reason, it is assumed 
that the formation of an osazone always results in the union 
of two  phenylhydrazine-residues with neighbouring C-atoms. 
d-Glucosazone, or d-fructosazone, has therefore the constitution 


CH,OH 
(CHOH); 
C—N-NH-C.H; 
C=N-NH-C,H; 
H 


When osazones are carefully warmed with hydrochloric acid, two 
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molecules of phenylhydrazine are eliminated, with formation of com- 
pounds, osones, containing two carbonyl-groups. For example, 
d-glucosazone yields d-glucosone, 

CH.OH- (CHOH),-Co-cU}. 
The osones can be reduced by treatment with zinc-dust and acetic 
acid, and it is found that addition of hydrogen always takes place. 
at the terminal C-atom. d-Glucosone yields levulose, 


CH.OH: (CHOH).,-CO-CH.OH. 


The reaction affords a means of converting aldoses into ketoses: 
Aldose — Osazone — Osone — Ketose. 


Inversely, an aldose can be obtained trom a ketose. On reduction, 
the latter yields a hexahydric alcohol, which is converted by oxida- 
tion into a monobasic hexonic acid. This substance loses water, 
yielding the corresponding lactone, which on reduction gives the 
aldose: 


Ketose — Hexahydric Alcohol — Hexonic Acid — Lactone — Aldose. 


3. d-Mannose is an aldose, and is present as a polyose in the 
vegetable-ivory nut: it is also obtained by the careful oxidation 
of the hexahydric alcohol mannitol, found in several plants. 
d-Mannose, a hard, amorphous, hygroscopic substance, can be readily 
fermented, and is very soluble in water. It yields a characteristic 
hydrazone which melts at 195°-200°, and, unlike the hydrazones 
of the other monoses, dissolves with difficulty in water. On oxi- 
dation, d-mannose is first converted into the monobasic d-mannonic 
acid, CHz,0H- (CHOH)4-COOH, and then into the dibasic d-manno- 
saccharic acid, COOH-(CHOH),4,-COOH. It yields dextrose by 
a method generally applicable to the conversion of aldoses into 
their stereoisomerides. For this purpose, it is first converted into 
d-mannonic acid. On boiling the solution of this substance in 
quinoline (463), it is partly transformed into the stereoisomeric 
d-gluconie acid, the lactone of which can be reduced to dextrose, 
Inversely, d-gluconic acid is partly changed into d-mannonic acid, 
by boiling its quinoline solution, so that dextrose can thus be con- 
verted into d-mannose. 
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Mannonic acid is one of the intermediate products in Emin 
Fiscuer’s synthesis of dextrose. He converted glyceraldehyde into 
acrose (207, 4), and this into 7-mannitol, by reduction with sodium- 
amalgam. On oxidation, 7-mannitol yields first 7-mannose, and then 
i-mannonic acid, which can be resolved, by means of its strychnine 
salt, into its optically active modifications. When the d-mannonic 
acid thus obtained is heated with pyridine, it is converted into 
d-gluconic acid, the lactone of which, on reduction with sodium- 
amalgam, yields dextrose. 


The stereoisomerism of d-mannose and dextrose, as well as of 
d-mannonic acid and d-2luconic acid, is occasioned only by different 
grouping round the a-C-atom, since the osazone of d-mannose is 
identical with that of dextrose. As this has the constitution 


a H 
CH20H-CHOH-CHOH-CHOH -C—C=N-NH-C¢Hs, 


|| 
N-NH-C.Hs 


these osazones can only be identical when the residue 
CH2OH- (CHOH)2-CHOH— 


in d-mannose and dextrose is also identical: their stereoisomensm 
can then only result from a difference'in the arrangement of the 
groups linked to the a-C-atom. 

So far as the transformations of the monobasic hexonic acids 
when boiled with quinoline or pyridine have been studied, it has 
always been found that the alteration takes place, as in the above 
instance, at only one C-atom, and this the one adjoining the alde- 
hydo-group, the a-C-atom. 


Very remarkable is the conversion into each other, discovered by 
Lonry pE Bruyn, of dextrose, levulose, and mannose, under the 
influence of very dilute alkalis. Their rotatory power is considerably 
reduced thereby: each of these hexoses forms both the others, and 
the one originally present is not completely converted. An equilib- 
rium is thus established which may be represented by the scheme 


Dextrose @ Levulose @ Mannose. 


That levulose is actually an intermediate product of this transforma- 
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tion, is shown by the behaviour of the dextro-rotatory solution of 
mannose, which, owing to the formation of levulose, first develops 
levo-rotation, which gradually decreases as the dextro-rotatory dex- 
trose is produced. 


4. d-Galactose can be obtained by the hydrolysis of lactose, or 
by the oxidation of the hexahydric alcohol dulcitol, which occurs in 
certain plants. d-Galactose is crystalline, melting at 168°; it is 
strongly dextro-rotatory, is capable of undergoing fermentation, 
and exhibits mutarotation. Galactose is proved to be an aldose 
by its conversion, on oxidation, into the monobasic d-galactonic 
acid, CgH;207. Further oxidation yields the sparingly soluble 
dibasic mucic acid, COOH- (CHOH),4-COOH, which is optically in- 
active, and cannot be resolved into optically active components: 
its formation serves as a test for d-galactose. This is carried out 
by oxidizing the hexose under examination with nitric acid. 

Their conversion into levulic acid (252), on treatment with 
hydrochloric acid, constitutes a general reaction for the hexoses. 
Brown, amorphous masses, known as humic substances, are pro- 
duced at the same time. Levulic acid can be identified by 
means of its silver salt, which dissolves with difficulty, and yields 
characteristic crystals. 

The identification of the constituents of a mixture of monoses 
can often be readily effected by the aid of phenylhydrazine and 
its substitution-products (344), the tendency of each monose to 
form a phenylhydrazone or osazone depending on the particular 
hydrazine-derivative employed. Thus, from a solution containing 
arabinose and dextrose unsymmetrical methylphenylhydrazine, 
CsH5N (CH3)+NHo, dissolved in acetic acid precipitates arabinose- 
methylphenylhydrazone. If this is filtered off and the liquid 
warmed after addition of an acetic-acid solution of phenylhydra- 
zine, phenylglucososazone crystallizes out. 


Heptoses, Octoses, and Nonoses. 


210. These substances are not natural products, but can be 
built up from the hexoses by the cyanohydrin-synthesis: for example, 
mannose yields mannoheptose, manno-octose, and mannononose. 


two 
bo 
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Stereochemistry of the Monoses. 


211. It was stated (206) that all the aldohexoses and aldopen- 
toses have the same structure, and that, in consequence, their isomer- 
ism must be stereoisomerism. Although it would be beyond the 
scope of this book to deduce the configuration of all the pentoses and 
hexoses mentioned here, it is desirable to indicate how this is deter- 
mined for such compounds; that is, for those containing several 
asymmetric carbon atoms in the molecule. 

It was mentioned (r91) that the presence of two dissimilar asym- 
metric C-atoms in a molecule causes the existence of a greater num- 
ber of stereoisomerides than that of two similar asymmetric C-atoms. 
It will be seen from a projection-formula that the principle applies to 
a greater number of asymmetric C-atoms in the molecule. The 
projection-formulze for two aldopentoses, 


CH.OH CH.OH 
HO 22 H— OH 
HO] and. Ho = On 
HOS = a on 
cH oH 
O O 


cannot be made to coincide by rotation in the plane of the paper 
(191): the aldopentoses, therefore, are not identical. The corre- 
sponding trihydroxyglutaric acids 


COOH COOH 
HO——|-—-H H—|——0H 
HOS 2 Fad hee 
HO. oS B= On 

COOH COOH 


are, however, identical, since their projection-formule can be made 
to coincide. In these compcunds the asymmetric C-atoms 1 and 3 
are similar, while in the pentoses they are dissimilar. 

Assuming that the determination of the configuration of a tri- 
hydroxyglutaric acid is possible, and that it leads to the projection- 
formula given above, it follows that the pentose from which this acid 
is obtained by oxidation must have one of the above configurations, 
and that all others are excluded. It thus only remains to distinguish 
between these two configurations. 

In order to determine the stereochemical structure of a pentose, 
it is, therefore, first necessary to determine that of the corresponding 
trihydroxyglutaric acid. The optical behaviour of these acids affords 
a means of determining their stereochemical structure. Xylose, 
which is optically active, is converted by oxidation into an optically 
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inactive trihydroxyglutaric acid which melts at 152°. Since an 
optically inactive substance is here obtained from an optically active 
one, not from a racemic compound, the inactivity must be due to 
intramolecular compensation, a fact which must find expression in 
the configuration allotted to this particular trihydroxyglutaric acid. 
The projection-formula of a compound which is optically inactive on 
account of intramolecular compensation must fulfil this condition: 
itself and its mirror-image must be capable of being made to coincide 
by rotation in the plane of the paper; that is, itself and its mirror- 
image must be identical. For, if it were otherwise, two enantio- 
morphous configurations—the formula and its mirror-image—would 
be possible, while for intramolecular compensation only one con- 
figuration is possible. 

The above reasoning may be applied to the determination of the 
stereochemical structure of arabinose. Eight stereoisomeric for- 
mulz are possible for a pentose, but, by arranging these in pairs of 
mirror-images, and taking one of each pair, four different types are 
obtained: 


CH,OH 


CH,OH CH.OH CH,OH 
eee eon Hoon HOH 
H—|—OH. H—|—OH HO—|-—H HO—|——H . 
H—|—OH HO—/-—H HO—|-—H H—/——_OH 

H H H H 

I Il. ete Ve 


The mirror-image of I. is represented on p. 272. 

Arabinose is converted by oxidation into an optically active tri- 
hydroxyglutaric acid. This excludes the trihydroxyglutaric acids 
which could be obtained from types I. and IV., since each of these 
could be made to coincide with its mirror-image, and thus would be 
optically inactive: 


COOH oon 
| ee 
Pamela 
a a, 7 mirror-image, Ho Maes e 
COOH coe 
COOH Suoe 
H—— eae identical with its arn Cae 
TY. eed hiss OH mirror-image, HO—/—H ; 
COOH pee 
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The fact that by the aid of the cyanohydrin-synthesis arabinose 
can be converted into a mixture of dextrose and mannose, which on 
oxidation yields the optically active saccharic acid and mannosac- 
charic acid, enables a choice between types II. and III. to be made. 


Since in the eyanohydrin-synthesis only the group Ge in CHOH-C 


is altered, the configuration of the rest of the C-atoms remaining 
unchanged, saccharic acid and mannosaccharic acid must have tho 
stereochemical structure 


COOH COOH 
He= OH. He==2 0 
J8t--—— | a or | 3a OT 
HoO=—|-—-—H HO== 
HO—— |= —H i eed ee: 
COOH COOH 


if arabinose is represented by formula II. Neither of these can be 
made to coincide with its mirror-image, so that formula II. is assumed 
to represent arabinose. Formula III. is excluded, since otherwise 
one of the acids mentioned above must have the stereochemical 


constitution 
COOH 
H——|—_OH 
HO——|——_H , 
Oa 
Or 
COOH 


which is identical with its mirror-image: one of the acids would then 
be optically inactive, which is not the case. 

Arabinose has, therefore, a formula of the type II., but it is still 
uncertain whether it should be represented by the formula given 
above, or by its mirror-image. 


II. DIOSES. 


212. Numerous dioses (or bioses) are known, which are almost 
exclusively derived from hexoses, and therefore have the formuia 


Ci2H22011 = 2CeH120—H20. 
No dioses are known which can be decomposed into a pentose 


and a hexose: on hydrolysis, some of the hexodioses yield two 
different monoses, and some only one. 
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The hydrolysis can be effected not only by boiling with dilute 
acids, but also by the action of enzymes (219.) On account of the 
readiness with which decomposition with water takes place, it is 
assumed that the monoses from which a diose is formed are not 
linked together through the carbon atoms, but through one or 
more oxygen atoms. 

Hitherto, all attempts to synthesize natural dioses have failed. 


Emit Fiscumr has, however, isolated a diose, isolactose, from a 
mixture of dextrose and galactose: this was treated with an enzyme 
ealled lactase, present in kephir-gyanules. 

FiscHpr has also prepared artificial dioses synthetically from 
monoses, such as dextrose. On treatment with acetyl chloride, 
these substances yield acetochloro-compounds with four acetyl- 
groups, the fifth hydroxyl-group of the monose being replaced 
by a Cl-atom. The formula of these acetochloro-compounds is 
C,H,OCI(OC:H,O),. They are converted by a monose and sodium 
alkoxide into tetra-acetyl-derivatives of dioses, from which the 
acetyl-groups can be eliminated by means of sodium hydroxide, and 
the free dioses then isolated as osazones. Dextrose converts aceto- 
chlorogalactose into a diose probably identical with melediose (221). 


Maltose. 


213. Maltose in thecrystallized state has the formulaCj2H220}4 
+ H,0, and can be prepared from starch by the action of diastase 
(47). It is an important intermediate product in the industrial 
production of alcohol. 

Maltose crystallizes in small, white needles, and is strongly 
dextro-rotatory. When boiled with dilute mineral acids, it yields 
only dextrose. It exhibits all the characteristics of the monoses: 
thus, it reduces an alkaline copper solution; yields an osazone, 
maltosazone (CygH9201; —2H2O—2H+2CgHsNH-NHe); and _ it 
can be oxidized to the monobasic maltobionic acid, Cy2H220;9, 
which, on hydrolysis, splits up into dextrose and d-gluconie acid, 
CH,OH- (CHOH),4,-COOH. 

These properties show that maltose contains only one of the 
two carbonyl-groups present in two molecules of dextrose: thus, it 
forms an osazone with two, instead of four, molecules of phenyl- 
hydrazine, and yields a monobasic instead of a dibasic acid. The 
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linking of the two molecules of dextrose must, therefore, involve 
in the reaction the carbonyl-oxygen of only one molecule. Such a 
linkage between two monose molecules is called a monocarbonyl- 
bond. If this is denoted by the sign <, and a free carbonyl-group 
in a molecule by «, then maltose can be represented by 


CeHi1 O5< O. CoH, 1 O5< 5 


Dextrose Dextrose 


Lactose. 


214. Lactose (milk-sugar) is present in milk, and is prepared 
from it. 


Whey is usually employed for this purpose: it is the liquid which 
remains after the cream has been separated and the skimmed milk 
has been used for making cheese. In these processes the milk is 
deprived of most of its fats and proteins; the whey contains nearly 
all the lactose, and a large proportion of the mineral constituents of 
the milk. The lactose is obtained by evaporation, and purified by 
recrystallization. 


Lactose crystallizes in well-defined, large, hard crystals. It 
has not such a sweet taste as sucrose, and in the mouth resembles 
sand, on account of the hardness of its crystals. 

On hydrolysis, lactose splits up into d-galactose and dextrose. 
It shows the reactions of the monoses, and can be proved, by a 
method analogous to that employed for maltose, to contain one 
free carbonyl-group in the molecule: it is, therefore, made up of 
dextrose and d-galactose, linked by a monocarbonyl-bond. The 
free carbonyl-group belongs to the dextrose molecule, since lactose 
is converted by oxidation with bromine-water into lactobionic acid, 
which is converted by hydrolysis into d-galactose and d-gluconic 
acid. Lactose is, therefore, represented by 


CeHi105< O-CeHi105<. 


d-Galactose Dextrose 


Sucrose. 


215. Sucrose (cane-sugar or saccharose) is present in many plants, 
and is prepared from sugar-beet and sugar-cane. It crystallizes 
well, and is very soluble in water. It melts at 160°, and on cooling 
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solidifies to an amorphous, glass-like mass, which after a consid- 
erable time becomes crystalline. When strongly heated, it turns 
brown, being converted into a substance called caramel. On 
hydrolysis, sucrose yields dextrose and levulose in equal propor- 
tions. This mixture is called invert-sugar, and is levo-rotatory, 
since leevulose rotates the plane of polarization more to the left (209) 
than dextrose does to the right. Sucrose itself is strongly dextro- 
rotatory, so that the rotation has been reversed by hydrolysis. 
This is called cnversion, a term also applied to the hydrolysis of 
other dioses and of polyoses. Sucrose does not show the reactions 
characteristic of the monoses: thus, it does not reduce an alkaline 
copper solution, is not turned brown by caustic potash, and does 
not yield an osazone. Hence, it is evident that there are no free 
carbonyl-groups in its molecule; it may, therefore, be concluded 
that both of these have entered into reaction in the union of the 
two monoses. Such a linking between two monoses is called a 
dicarbonyl-bond, and is represented by the sign <O>; so that 
sucrose has the formula 
CgH1105< O > C6H11 Os. 


Dextrose Levulose 


The discovery that alcohols are able, under the influence of 
hydrochloric acid, to unite with monoses with elimination of water, 
affords an insight into the nature of the monocarbonyl-bond and 
the dicarbonyl-bond. The substances thus formed are called glucos- 
ides, since they are in many respects analogous to the natural glucos- 
ides, substances which are decomposed into a sugar, and one or more 
compounds of various kinds, on boiling with dilute acids. The arti- 
ficial glucosides are obtained by the action of one molecule of an 
alcohol upon a monose: 


C,H.0O,+CH,OH = C,Hi0,-CH;+H.0. 
Methy! glucoside 


These compounds were discovered by Emin Fiscuer, who has 
assigned to them a constitution analogous in some respects to that 


of the acetals (113, 2): 

J dal H 
‘[, _, HOCH G- OCH 
RCO] AiOCH, 7 —OCH, 


Aldehyde , Alcohol Acetal 
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In the formation of glucoside, only one molecule of alcohol acts upon 
the aldose, so that one of the hydroxyl-groups of the latter plays the 
part of a second alcohol molecule: 


CH.OH CH,OH 
CHOH CHOH 
,CHO /CHO 
sCHOH = #CHOH 
aCHOH oCHOH 
clO._ +HJOCH, C—OCH, 
H H 


The grounds for the assumption of this constitution are: first, these 
glucosides are readily resolved into their components, which argues 
against the existence of a carbon bond between the latter; second, 
the hydroxyl of the 7-C-atom is assumed to be the one which reacts, 
since other compounds containing the group —CHOH-CO— do not 
yield glucosides; the a-hydroxyl-group, therefore, does not react. 
The ;-hydroxyl, being attached to the fourth C-atom of the chain, 
is, moreover, the most likely to enter into reaction, since a number 
of instances of similar behaviour are pore: such as that of the acids 
yielding lactones (187). 

The combination of two monoses with elimination of one mole- 
cule of water may be represented as being analogous to the forma- 
tion of a glucoside from an alcohol anda monose. Maltose and lactose, 
which are united by a monocarbonyl-bond and contain one free 
carbonyl-group, are combined thus: 


cH 
CHOH W CHOH (0 
7CHO ° CHO (CHOH), 
sCHOH (CHOH), = 1:0 +CHOH | 
aCHOH CHOH| CH: 
H H 


By analogy the constitution of sucrose, in which levulose and dex- 
trose are united by a dicarbonyl-bond, will be 


§ 216] DIOSES. 279 


CH.OH CH.0H 

CHOH ~~ -CHO— 

CHO dCHOH 

CHOH) = ;CHOH| 

cuion) fe 

CC One CE Or 

H 

Sucrose forms compounds with bases, called saccharates: 

among them are C;2H220);-CaO-2H,O and C),H220);-2CaO, 
which are readily soluble in water. When the solution is boiled, 
the nearly insoluble tricalcium saccharate C)2H220);-3CaO-3H.O 
is precipitated. 


Manufacture of Sucrose from Sugar-beet. 


216. Sucrose is present in solution in the cell-fluid of the sugar- 
beet. The cell-walls are lmed with a thin, continuous layer of 
protoplasm, constituting a semi-permeable membrane, which pre- 
vents the diffusion of the sugar from the cells at ordimary tempera- 
tures. When placed in water at 80°-90°, the protoplasm is killed, 
coagulates, and develops minute ruptures, through which the cell- 
fluid can diffuse. The process is facilitated by cutting up the beet 
into pieces 2 to 3 mm. in thickness. In order to make the diffu- 
sion-process as complete as possible with a minimum amount of 
water, the slices are placed in vats through which water circulates 
in such a manner that the nearly exhausted material is acted on 
by fresh water, while that which is only partly exhausted comes 
into contact with the solution already obtained, so that the materia! 
richest in sugar is treated with the strongest extract, and vice versa 
(principle of the counter-current). The solution obtained contains 
12-15 per cent. of sugar, which is about the proportion contained in 
the beet itself. 

Slaked lime is added to this solution, whereby a double object 
is attained. First, the free acids in the juice, such as oxalic acid 
and citric acid, are precipitated, along with the phosphates: their 
cemoval is necessary, since on concentrating the solution they 
would cause inversion. Second, proteins and colouring mat- 
ters are precipitated from the solution. To accomplish these 
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objects, it is necessary to add an excess of lime, part of which goes 
into solution as saccharate. The saccharate is then decomposed 
by a current of carbon dioxide, care being taken to leave the liquid 
faintly alkaline. The precipitate is separated by a filter-press, 
and the filtrate concentrated. To obtain the maximum yield of 
sugar, the concentration must take place at a low temperature. 
This is attained by the use of vacuum-pans, in which the sugar- 
solution boils under diminished pressure. The first product of the 
concentration is a thick syrup, more strongly alkaline than the 
originai solution. Calcium carbonate is precipitated by repeated 
treatment with carbon dioxide until the thick syrup is almost ~ 
neutral. After filtration, the syrup is concentrated until crystals 
of sugar begin to separate. It is then allowed to cool, when more 
crystals are obtained, mixed with a syrupy liquid, which is removed 
in a centrifugal machine. This syrup is further crystallized by 
slow agitation with a stirring apparatus, and the crystals are again 
separated by means of the centrifugal machine. The residual 
syrup (molasses) is worked up in the preparation of alcohol. 

The sugar thus prepared is not pure: it is brown, and contains 
a certain amount of syrup. The crude product is purified by dis- 
solving it, decolourizing with animal-charcoal, and concentrating 
in vacuum-pans. 


Quantitative Estimation of Sucrose. 


217. The great practical importance of sucrose makes it de- 
sirable to have a quick and accurate method of estimating it 
quantitatively. This is effected almost exclusively by examining 
its aqueous solution with the polarimeter (27, 2). Since sucrose 
is strongly dextro-rotatory ([a]p= +66-5°), a small quantity 
produces an appreciable amount of rotation, which, moreover, is 
almost independent of the temperature, and for practical purposes 
may be considered as proportional to the concentration. It is 
obvious that this method will only yield accurate results when 
no other optically active substances are present in the solution. 
If such substances are present, either they must be removed, or 
their effect taken into account. The former method is adopted in 
the determination of the amount of sugar in beet. The sample is 
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grated with a fine rasp to destroy the cell-walls, and a weighed 
quantity is made up to a certain volume with cold water, which 
dissolves not only the sucrose, but also optically active proteins. 
The latter are precipitated with lead acetate, filtered off, and the 
amount of rotation observed. 

When another sugar is present in the solution along with the 
sucrose, it 1s necessary to proceed by the second method. Suppose 
dextrose is the other sugar present. The rotatory power of the 
solution, which will be dextro-rotatory, is first determined. If it 
be now inverted, the solution will either diminish in dextro-rota- 
tion, or will become levo-rotatory, since invert-sugar is levo- 
rotatory. The rotatory power of an invert-sugar solution obtained 
from a sucrose solution of given strength being known, these two 
observations furnish the data by which the percentage of dextrose 
in cane-sugar or beet-sugar can be calculated. 


Velocity of Inversion of Sucrose. 


218. The equation for unimolecular reactions (101) may be 
applied to the inversion of a dilute solution of sucrose. If the 
original amount of the latter present was p, and after a certain 
time the quantity x has been inverted, then the velocity s in the 
fraction of time immediately following can be expressed by the 
equation 


dx 
iF =k(p—z2), 


in. which k is a constant. The inversion can be effected by means 
of different acids of the same molecular concentration: the 
velocity of the reaction is dependent upon the nature of the acid 
employed, so that different values are obtained for the velocity- 
constant k. When the values of this constant and of the electrolytic 
dissociation-constant for these acids are compared, they are found 
to be proportional to one another. An acid which is ionized strongly 
effects inversion much more rapidly than one but slightly ionized, 
from which it follows that only the ionized part of the acid exer- 
cises an inverting influence. Since only the hydrogen ion is com- 
mon to all acids, it must be concluded that inversion is the result of 
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the catalytic action of the hydrogen ions. Inversely, the concentra- 
tion of the hydrogen ion in the solutions of acid salts, for example, 
may be determined by measuring the velocity of inversion. 

For an inversion effected by the action of an enzyme, the equa- 
tion does not hold. This is explained by the fact that the reactivity 
of an enzyme depends on both the concentration of the sucrose and 
that of its own inversion-products, whereas the inverting power of 
an acid is independent of the concentration of the latter. 


Fermentation and the Action of Enzymes. 


219. The alcoholic fermentation of liquids is one of the longest 
known reactions. During the nineteenth century a number of 
other reactions were identified as fermentation-processes, such as 
the lactic fermentation and butyric fermentation of sugar, putre- 
factive fermentation, and others. Fermentation-processes include 
a number of reactions which take place slowly and at ordinary 
temperatures: they are usually attended by the evolution of a gas 
and of heat, and depend upon the action of micro-organisms, such 
as yeast-cells, bacteria, and schizomycetes. 

The part played by these micro-organisms in fermentation- 
processes has been the subject of much diversity of opinion. Lrmpia 
thought that yeast contained certain easily decomposed ferments, 
and that it was their decomposition which, as it were, induced the 
fermentation of the substance. Pasrrur, however, after a series 
of brilliant researches, became convinced that fermentation can 
only be brought about by living yeast-cells, and that the process 
is, therefore, a physiological phenomenon; that is, a complieated 
biological function of these cells. Thus, he concluded that there 
could be no fermentation without living yeast-cells, a theory which 
was universally accepted, Lresia’s supposition that the part played 
by the cells is only a secondary one being abandoned. 

In accordance with PasTreurR’s theory, the process of fermenta- 
tion is inseparable from the presence and propagation of yeast- 
cells. If it were found possible to bring about fermentation with- 
out their presence, his theory would fall to the ground. Epuarp 
Bucuner has effected this. He triturated fresh yeast with sand, 
whereby the cell-walls were destroyed. The dough-like mass was 
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submitted to great pressure, which expressed a liquid (German, 
Presssajt): this expressed yeast-juice was separated by filtration 
from the cells still floating in it. BucHNerr proved in various ways 
that this yeast-juice contains neither living cells nor living proto- 
plasm: for instance, the yeast may be first killed by the action of 
acetone; the extract from it can nevertheless set up active fermen- 
tation in a solution of sugar similarly to that obtained from living 
yeast. The fermentation is caused by a dissolved substance, which, 
on account of its properties, such as coagulation on warming, must 
be classed with proteins: it is a kind of enzyme, to which BucHNER 
has given the name zymase. The yeast-cells only have the func- 
tion of producing zymase. 

Bucuner has proved by analogous methods that other fermen- 
tation-processes, such as the lactic fermentation and acetic fermen- 
tation, are not caused by the bacilli themselves, but by the enzyme 
they contain. 

The chemical structure of the enzymes is still wholly unknown. 
Most of them have not been obtained in the pure state. Their 
power of decomposing compounds is also not understood. Hither- 
to, only small insight has been obtained into the conditions upon 
which their action depends. 

First, the enzymes only act at the ordinary, or at a slightly 
elevated, temperature: below the freezing-point their activity is 
suspended, but returns at the ordinary temperature: on heating, 
they are decomposed. Second, they are sometimes rendered in- 
active (‘‘poisoned’’) by the presence of small quantities of certain 
substances, such as hydrocyanic acid. Third, it is very remark- 
able that a given enzyme can only produce changes in a few sub- 
stances, and has no action on other similar compounds. Thus, of 
the different monoses containing two to nine C-atoms, only the 
trioses, hexoses, and nonoses undergo the alcoholic fermentation: 
in fact, these are the only monoses which, according to their formula, 
can be readily converted into COzg and C2H;0H; for instance, 


C3Hg03 = C2H;0H +COg. 


Only the monoses are capable of being fermented by enzymes: 
dioses must first be converted into monoses. Yeast contains an 
enzyme, invertase, which first decomposes sucrose into a mixture 
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of levulose and dextrose. This is proved by the fact that certain 
varieties of yeast, which do not contain invertase, are incapable of 
fermenting sucrose: thus, Schizosaccharomyces octosporus, discov- 
ered by BrYERINCK, can ferment maltose, but not sucrose. This 
variety of yeast contains no invertase, but only maltase, the 
enzyme by which maltose is hydrolyzed. 

The aptitude for decomposition by enzymes, possessed by the 
monoses, has been proved by Emit FiscHer to be intimately con- 
nected with their stereochemical configuration. The three naturally 
occurring sugars, dextrose, d-mannose, and levulose, are capable of 
undergoing fermentation, and there is a great similarity in their 
configurations, since they differ only in the grouping round two 
C-atoms: 


H H CH,OH ae! 
C6 Co | Co 
H—|-—OH HO—|—-H CO H—|—_-OH 
HO—|-—H HO—-|-—H HO—|—_-H HO—|-—_H 
H—|-—OH H— |-—OH H—|—-OH HO—/—-H 
H—|-—OH H—-|-—OH H— |—-OH H—|—_-OH 
CH,OH CH,OH CH,OH CH,OH 
Dextrose d-Mannose Levulose d-Galactose 


d-Galactose, which is also a natural product, has a somewhat dif- 
ferent configuration, and is either more slowly fermented by certain 
varieties of yeast, or not at all. The mirror-images of these com- 
pounds, l-glucose, etc., are not capable of undergoing fermentation. 

The cause of these phenomena is probably the asymmetric struc- 
ture of the enzyme molecule. Although these substances have not 
been obtained in the pure state, their great resemblance to the pro- 
teins, and the probability of their formation from them, render 
their optical activity undoubted: that is, they are to be looked upon 
as built up of asymmetric molecules. This has Jed to the hypothesis 
that there must be a similarity in molecular configuration between 
the enzymes and the substances which they decompose; and that 
when this similarity is wanting, no reaction can take place. Emin 
FiscHER appropriately compares this resemblance in structure to 
that necessary between a lock and a key, in order that the latter 
may pass the lock. 

The application of these views to the chemical processes which 
go on in the more highly developed organisms leads to the concep- 
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tion that generally in reactions in which proteins take part, as is 
undoubtedly the case in the protoplasm, the configuration of the 
molecule has the same importance as its structure. Various phe- 
nomena may be thus explained: the sweet taste possessed by one 
of the optically active asparagines, and the absence of taste in the 
other; the different amounts to which the three stereoisomeric 
tartaric acids are oxidized in the body of a dog fed with them; the 
fact that, on subcutaneous injection of a rabbit with Larabinose or 
d-arabinose, of the first only 7 per cent., of the latter 36 per cent., 
is excreted from the body unchanged in the urine; and so on. 


Asymmetric Synthesis. 


220. Laboratory-syntheses effected with optically inactive 
material always yield inactive compounds: plants employ such 
inactive material as carbon dioxide and water for the synthesis 
of dextro-rotatory dextrose and numerous other optically active 
compounds. They also produce optically active nitrogenous 
compounds, such as proteins and alkaloids, although the nitrogen 
reacts either in the free state or as nitric acid. Two problems 
present themselves for solution: 

1. The mode of formation of the first optically active substance 
from inactive material. 

2. The production of active substances from inactive material 
under the influence of an already existing optically active body. 

The solution of the first problem is still unattained. It has 
been suggested that the formation of the first optically active 
compound took place under the influence of the circularly- 
polarized light present at the earth’s surface; but although this 
hypothesis is plausible, it still lacks experimental confirmation. 

More progress has been made towards the solution of the 
second problem. Emit Fiscuer has found that in the cyano- 
hydrin-synthesis (186) the use of optically active substances does 
not always lead to the production of the two possible optical 
isomerides. An example is furnished by mannose, convertible 
by the cyanohydrin-synthesis into mannoheptonic acid. From 
analogy with other cyanohydrin-syntheses, the formation of two 
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stereoisomeric mannoheptonic acids in equal proportions would 
be anticipated, but only one acid is obtained. It follows that the 
building-up of a molecule from one already asymmetric can 
continue in an asymmetric sense. If mannose were converted by 
a triple application of the cyanohydrin-synthesis into a manno- 
nonose, the building-up being in every instance in an asymmetric 
sense; and if it were possible to decompose this nonose into the 
original hexose and a product with three carbon atoms, this new 
substance would also be optically active. One optically active 
molecule would thus have occasioned the formation of another. 

The formation of sugar in plants is probably the result of an 
analogous process. Dextrose is formed in the chlorophyll-grains, 
themselves composed of optically active substances. It may be 
assumed that prior to the formation of sugar these substances 
combine with carbon dioxide or formaldehyde (207, 4), and that 
the condensation to sugar is asymmetric on account of the asym- 
metric character of the participating substances. 

Some asymmetric syntheses of this type have been effected. 

Reduction of benzoylformic acid, CgHs-CO-COOH, yields 
inactive mandelic acid, CsH;-CHOH-COOH. But reduction of 
an ester of this ketonic acid derived from an optically active 
alcohol, such as the levo-rotatory menthol, produces a mixture of 
the ester of the dextro-acid with a small excess of that of the 
levo-acid. On saponification, active mandelic acid is obtained, 
despite the elimination of the asymmetric structure occasioned by 
the menthol-residue. The formation of I-lactic acid by the 
reduction of l-bornyl pyroracemate with aluminium-amalgam is 
a similar reaction: 


CH3- CO. COOC0H47 3 CH3- CHOH. COOH. 


l-Bornyl pyroracemate l-Lactie acid 


Another example is the formation of excess of J-tartaric acid by 
treating monobornyl fumarate with permanganate. 

The occurrence in nature of all the possible optical isomerides 
of a compound is exceptional. Only the dextro-rotatory forms of 
dextrose, tartaric acid, and lactic acid are natural products. Why 
nature has not produced the chemical mirror-images of all optic- 
ally active substances found in the existing flora and fauna, since, 
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as far as is at present known, the probability for the formation of 
both must have been equal, is a problem by no means solved. 


III. POLYOSES. 
Raffinose, CygH32016 +5H,0O. 


221. Raffinose is the most important of the hexotrioses, of which 
but few are known. Their formula is C,gH3.0,,; that is, 


3C,H,.0, —2H20. 


Raffinose is a hexotriose, since, on hydrolysis, it takes up two 
molecules of water with formation of an equal number of molecules 
of levulose, dextrose, and d-galactose. By careful hydrolysis, raf- 
finose can be split up quantitatively into laevulose and a diose (mele- 
diose): from the latter, dextrose and d-galactose can be obtained, in 
the same way as from lactose, with which, however, melediose is not 
identical. Raffinose exhibits none of the monose reactions: thus, 
it does not reduce an alkaline copper solution. This proves the 
absence of a free carbonyl-group, so that raffinose must be repre- 
sented by 


C,H::0, <O CHO, << O)S> C,HnO;. 


Melediose exhibits the sugar reactions, and therefore contains one 
free carbonyl-group, so that its formula is 


C,HuO; <O -C,HiO,; Sy 


which proves that the decompesition of raffinose into monose and 
diose takes place at the dicarbonyl-bond, as otherwise there would 
have been obtained a diose, C,Hi0;<O>C,H:0,, lacking a free 
carbonyl-group. 

Raffinose crystallizes with five molecules of water. When sucrose 
contains a certain proportion of this polyose, it yields pointed 
crystals. 

Manneotetrose is a tetrose present in manna. On hydrolysis it 
yields two molecules of galactose, one molecule of dextrose, and one 
molecule of lavulose : 


C10, --3.0 = 2C.H,.0,+CH.0,2-0.11,0.. 


Manneotetrose Galactose Dextrose  Levulose 
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Higher Polyoses. 


222. Most of the higher polyoses are amorphous, and do not 
possess a sweet taste: many of them are insoluble in water. On 
hydrolysis, they yield monoses, either pentoses or hexoses, so that 
it may be assumed that the monose-residues are united by the 
oxygen atom. The molecular weight of the polyoses is unknown, 
but must be very great. Their formula may be represented as 
being derived thus: 


nCgHy20¢6— (n = 1)H20. 
If n is very great, this constitution approximates to 
nC gH 205—nH20 = n(CeHi00s), 


which is the formula indicated by the results of analysis. On 
hydrolysis, nearly all the polyoses yield monoses with the same 
number of C-atoms: a polyose which can be hydrolyzed to a pent- 
ose and a hexose seems, however, to be present in the mucus of 
plants, such as linseed. 


Starch. 


223. Starch is the first observable assimilation-product of plants. 
It occurs in large quantities in the tubers, roots, and seeds of many 
plants, in which it is present in the form of granules differing in 
form and size in different plants. Some of these granules are rep- 
resented in Figs. 67, 68, and 69. 

Starch is insoluble in cold water: in hot water it swells up with- 
out dissolving. It yields an intense blue coloration with a dilute 
solution of iodine, for which this reaction serves as a test. When 
boiled with dilute acids, starch is converted into dextrose. On 
treatment with diastase, starch-paste first liquefies, its molecules 
then decompose, and ultimately maltose and 7/somaltose, C)2H>2011, 
are formed. Both these methods of treatment yield intermediate 
products, however: they are gum-like substances, polyoses con- 
taining a smaller number of atoms in the molecule than starch, 
called dextrins. Dextrin is also obtained by heating starch alone, 
or to 110° with a small quantity of nitric acid. 
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Fic. 67.—RyYer-stTarcH. X 320. 


Fic. 68.—RIcE-sTARCH. X 320. 
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Starch does not show any of the reactions of the monoses: it 
does not reduce an alkaline copper solution, nor resinify with alka- 
lis, and yields no compound with phenylhydrazine. This proves 


Fig. 69.—Porato-sTarcH.. X 250. 


the absence of a free carbonyl-group, so that its molecule must be 
represented by 


CegH19005< O SG 00 CgHy904< O >CgH 1004 Pe ANS O>C.gH 4903. 


It might be suggested that the molecule of starch contains more 
than one dicarbonyl-bond, when the formula would be, for example, 


Ce; <O ce ee CzHi,0,<O0> CeHi)0,-O> CeHi00; oe ee O> 
> CyHy0;<O> CsH,0y- OS CoH On-O> CoH1,,0,. 2 2 0 ChOe 


It does not, since hydrolysis of a compound of this type must yield, 
in addition to dextrose, a substance >»C,HwO,<, containing two 
free carbonyl-groups, and no such product has been obtained by the 
hydrolysis of starch. 

Dextrin can unite with phenylhydrazine, and exhibits the reac--: 
tions of the monoses, such as reduction of an alkaline copper solution, 
and the formation of a yellow coloration with alkalis. It must, 
therefore, be assumed to contain a free carbonyl-group. 
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Manufacture of Starch. 


224. The process by which starch is manufactured is theoretically 
very simple. Potato-starch is prepared by first grinding the potatoes 
fine, whereby the cell-tissue is destroyed The starch-granules, thus 
laid bare, are washed out of the cell-tissue by treatment with water 
in a specially constructed apparatus, somewhat resembling a sieve. 
They are allowed to settle on standing, are then carefully washed, 
and finally dried slowly. 

Starch is employed for many purposes in the arts, as an adhesive 
paste, and for stiffening linen in laundries. In the latter process, the 
starch-paste is converted by the heat of the smoothing-iron into a 
stiff, shining layer of dextrin, coating the fibres of the linen. Starch 
is of great importance as a large constituent of foods. It is more 
fully dealt with in this connection in physiological text-books. 


Glycogen, (CgH,Os)x. 


225. Glycogen is a substance resembling starch, and is present in 
the animal organism: the other polyoses are vegetable products. It 
is usually prepared from liver, and is a white, amorphous powder, 
dissolving in water with formation of an opalescent solution. On 
hydrolysis, it yields only dextrose. Apparently there are different 
kinds of glycogen, according to the animal from which it is isolated. 


Cellulose, (Cg Hy0Os) x. 


226. Cellulose is a polyose of very high molecular weight. The 
cell-walls of plants consist principally of this substance, together 
with lgnin, which is probably not a polyose. Cellulose is very 
stable towards dilute acids and alkalis, a property which is made 
use of in the technical preparation of cellulose, in order to free it 
from the substances present along with it in the plant-material. 
Linen, cotton, and paper consist almost exclusively of cellulose: pure 
filter-paper is nearly chemically pure cellulose. When it is dis- 
solved in strong sulphuric acid, and the solution boiled, after dilu- 
tion with water, it is completely hydrolyzed. Cellulose from cotton- 
wool, paper, etc., yields exclusively dextrose; from coffee-beans, 
cocoa-nibs, etc., d-mannose. Cellulose is converted by treatment 
with sulphuric acid containing half its volume of water into a col- 
loidal modification. amyloid, which gives a blue coloration with 
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iodine: this reaction furnishes a test for cellulose. -The latter is 
soluble in an ammoniacal solution of copper oxide (SCHWEITZER’S 
reagent): from this solution it is precipitated chemically un- 


changed by acids and salts, and forms an amorphous powder when 
dried. 


Technical Applications of Cellulose. 


227. Linen is prepared from the stalk of the flax-plant. The 
linen fibres can be obtained from the flax, cellulose being very 
stable towards chemical reagents. For example, the flax is steeped 
in water for from ten days to a fortnight. The consequent decay of 
the external fibre gives rise to an unpleasant smell. The material is 
then dried by spreading it out, and passed between corrugated rollers. 
This loosens the external woody fibre, which is then stripped off by 
revolving wooden arms named “wipers,” a process called “ scutching.” 
The linen-fibres have a grey colour, and are bleached by either being 
spread out in the open or by means of bleaching-powder. 

Paper was formerly prepared almost exclusively from linen-rags, 
but is now largely manufactured from wood and straw, which must 
be divided into fibres, and these separated as much as possible from 
the other, so-called incrusting, substances present. Thisis effected by 
the sulphite-method, in which the wood is heated under pressure with 
a solution of calcium hydrogen sulphite. When straw is used, it is 
heated with caustic soda under pressure. By these processes most 
of the incrusting substances are dissolved, and the wood or straw 
bleached at the same time: the cellulose which remains can be readily 
separated into fine fibres, which is necessary to the manufacture of 
paper-pulp. It is not, however, possible to remove all the lignin by 
these means; in consequence, wood-paper and straw-paper answer 
to the tests for lignin, and can be recognized thereby. Lignin gives 
a yellow coloration with salts of aniline (313), and a red coloration 
with a solution of phloroglucinol (354) in concentrated hydrochloric 
acid. 

Parchment-paper is prepared by converting the outer surface of 
paper into amyloid (226), a process which imparts toughness to it. 


Nitrocelluloses. 


228. The nitrocelluloses are of great technical importance. When 
cotton-wool is treated with a mixture of nitric and sulphuric acids, 
a mixture of mononitrocellulose, dinitrocellulose, and trinitrocellulose 
is obtained, the extent of the nitration being dependent upon the 
concentration of the acids and the duration of the process. Cellulose 
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is arbitrarily assumed to have the molecular formula C,H,,O;. Inthe 
nitration of cellulose the final product is trinitro-oxycellulose. For, 
on treatment with ferrous chloride, trinitro-oxycellulose yields oxycel- 
lulose, but no cellulose, proving that the formation of the trinitro-com- 
pound is accompanied by oxidation of the cellulose; whereas nitro- 
mannitol, for example, is reconverted by this reagent into mannitol, 
without oxidation of the latter. Oxycellulose has the formula 


(CygHyoOo1)x or [(CeH19O5)3 + (CoH 1006) Ix 3 
and its trinitro-derivative is 
(CoH; (NO; )305]3 +CeH7(NOz)30¢. 


The solution in a mixture of alcohol and ether of mononitrocellu- 
lose and dinitrocellulose is known as collodion: on evaporation 
it leaves an elastic skin, and is employed in photography. The 
trinitrocellulose is guncotton, which looks like cotton-wool, but feels 
somewhat rough to the touch, and is extensively employed as an 
explosive. It burns quietly when a loose tuft of it is ignited, but 
can be made to explode by the detonation of a small quantity of 
mercury fulminate, and yields only gaseous products, nitrogen, hydro- 

- gen, water-vapour, carbon monoxide, and carbon dioxide. It exertsa 
detonating or brisant (160) action, and without mace Bca tion is, 
therefore, unsuitable for use in prellery. 

When guncotton is dissolved in acetone or ethyl acetate, a gelatin- 
ous mass is obtained: after removal of the solvent, an amorphous, 
transparent substance is left, having the same chemical composition 
as guncotton, but burning and exploding more slowly. The velocity 
of explosion of guncotton being thus moderated, it is made available 
in this form for use in artillery, under the name of “smokeless 
powder.” 

Trinitrocellulose is also employed in the manufacture of 
artificial silk. In DE CHARDONNET’S method, the nitrate is dissolved 
in a mixture of alcohol and ether, and the solution pressed through 
fine glass tubes at a pressure of forty to fifty atmospheres. The 
filaments are received in water, which takes up the solvent, leaving a 
very fine thread: when ten to twenty of these are spun together, a 
thread capable of being woven is obtained. When the fabric thus 
prepared is treated with a solution of calcium sulphide, obtained 
from the tank-waste in the manufacture of sodium carbonate by the 
Le Buanc process (“Inorganic Chemistry,” 226), the NO.-groups of 
the nitro-compound are eliminated, with production of nearly pure 
cellulose in a form exactly resembling silk. 


AMINO-ACIDS. 


229. The amino-acids contain one or more amino-groups in 
direct union with carbon. They are of physiological import- 
ance, since many are decomposition- products of proteins, and 
some are natural products. They are synthesized by several 
methods. 

1. By the action of the halogen-substituted fatty acids on 
ammonia, a method analogous to the formation of amines? 


H»N(H +Cl|H2C- COOH = H,N-CH2-COOH + HCI. 
2. By reduction of oximes with sodium amalgam: 
R-C(NOH)-COOH+4H = R-CHNH2-COOH+H,0. 


This is a method of converting ketonic acids into amino-acids. 

3. a-Amino-acids are formed by the action of ammonia upon 
the cyanohydrins of aldehydes or ketones, and subsequent hydrol- 
ysis of the nitrile-group (STRECKER) : 


H 

CH: CC =e ae +NH;— 
No XN" 

Acetaldehyde Lactonitrile 


ye ve 
OH OL NEE SCH. CONE. 
\CN \ COOH 


Alanine nitrile Alanine 


The amino-acids possess two opposite characters: they form 
salts with both bases and acids, and are therefore both basic and 
acidic simultaneously. 

Replacement of the hydrogen of the amino-group by radicals 
yields amino-acids of a more complicated character. Thus, like 
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ammonia, with acid chlorides they yield an acid amide with one 
hydrogen atom of the amino-group replaced: 


R-CO|Cl+ H|HN-CH2-COOH = R-CO-NH-CH,-COOH+ HCI. 


Compounds of this kind are therefore both amino-acids and acid 
amides. 

Amino-acids with the hydrogen of the amino-group replaced 
by alkyl-groups are also known. They are obtained by the action 
of amines, instead of ammonia, on the halogen-substituted acids: 


(CH3)2N/H +Cl|H.C-COOH = (CH3),.N-CH2-COOH +HCl. 


The amino-acids undergo most of the decompositions charac- 
teristic of amines; thus, with nitrous acid they yield hydroxy- 
acids, just as the amines yield alcohols. 

Like those of the halogen-substituted acids and hydroxy-acids 
(178 and 183), the properties of the amino-acids depend on the 
position of their characteristic group—the amino-group—relative to 
the carboxyl-group. ~The a-amino-acids readily yield anhydrides 
(acid amides) by the elimination of two molecules of water from 
two molecules of acid: 


ae AO) ee ne “OC 


| 
oo ——m Che Sr HNCH, CO——HNCH, 


The {-amino-acids easily lose ammonia, with formation of 
unsaturated acids. Thus, $-amimopropionic acid, obtained from 
G-iodopropionic acid, is converted by heat into acrylic acid and 
ammonia: 


NH,|-CH2-CH|H|}-COOH = NH3+CH2:CH-COOH. 


Like the 7-hydroxy-acids, the y-amino-acids yield inner anhy- 
drides. On account of their similarity to the lactones, these sub- 
stances are called lactams: 

CH2-CH2-CH2-CO CH».-CHz-CH»2-CO 
| | = H,0+ | 
NH(H OH) NH———— 


y-Aminobutyric acid Lactam of 7-aminobutyric acid 
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Emit Fischer proved that the esters of amino-acids can be 
obtained by the ordinary method, dissolving the acids in absolute 
alcohol and treating this solution with hydrochloric-acid gas (97). 
Hydrochlorides are the primary products, the amino-group in these 
esters retaining its basic character: an example is the ethyl ester of 
glycine hydrochloride, C2H;s0O0C-CH2-NH2-HCl. The esters are 
prepared by treating aqueous solutions of the hydrochlorides with 
concentrated potassium. hydroxide at a low temperature, and im- 
mediately extracting with ether. Emi Fiscurr found these esters 
well adapted for the purification and separation of amino-acids. 
This is of great importance in the chemistry of proteins, which are 
resolved into a mixture of such acids by the action of acids or bases. 


Individual Members. 


230. Glycine (glycocoll or aminoacetic acid), NH2-CH2-COOH, 
can be obtained by boiling glue with dilute sulphuric acid or with 
barium hydroxide: it owes the name ‘‘glycocoll”’ to this method 
of formation, and to its sweet taste (vAv«us, sweet; KOAAa, glue). 
It is also prepared from hippuric acid, a constituent of the urine of 
horses. Hippuric acid is glycine with one hydrogen atom of the 
amino-group replaced by benzoyl, CgH;sCO; and it therefore has the 
formula CgH;-CO-NH-CH»-COOH. Like all acid amides, it is 
decomposed by boiling with dilute acids, with addition of the ele- 
ments of water: 


CgH;CO-|NH-CH2-COOH = CgHs-COOH + NH2-CH2-COOH. 


OH H|IH Bensoic acid Glycine 
Hippuric acid 

Glycine can be synthetically prepared by the action of ammonia 
on monochloroacetie acid. 

Glycine is a crystalline solid, and melts at 232° with decom- 
position: it is very readily soluble in water, and insoluble in abso- 
lute alcohol. Like many amino-acids, it forms a well-crystallized, 
blue copper salt, soluble with difficulty in water, and obtained by 
boiling copper carbonate with a solution of glycine. This derivative 
crystallizes with one molecule of water of crystallization, and has 
the formula (NH2-CH»,-COO) Cu + H2O. 

Betaine, C5H;;O2N, is a derivative of trimethylglycine: it is 
found in the juice of the sugar-beet, and accumulates in the molasses: 
during the manufacture of sugar. It is an inner ammonium salt, 
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(CH3)3N -CH2-CO 
bes 
Ol OH 


since it is synthetically obtained from trimethylamine by the action 
of monochloroacetic acid, with elimination of HCI: 
(CH3)3N + Cl-CH2-COOH = (CH3)3N-CH»-CO 
a . 
| O 
Cl H 


This reaction is analogous to the interaction of alkyl halides and 
tertiary amines to form the salts of quaternary ammonium bases 
(71). 

Betaine yields large crystals with one molecule of water, which 
it loses at 100°, or when allowed to stand over sulphuric acid. On 
heating it decomposes, with formation of trimethylamine. 

Many tertiary amines can be converted into substances with a 
constitution analogous to that of betaine; that is, inner salts of 
ammonium bases. These compounds are called betaines. 

Alanine, or a-aminopropionic acid, CH3-CH(NH2)-COOH, 
synthetically prepared by the action of ammonia on a- ane 
onic acid. 

Leucine, or a-aminotsobutylacetic acid, 


(CH3)2CH-CH2-CH(NH2)-COOH, 
results along with glycine from the decomposition of proteins by 
the action of acids or alkalis, or by putrefaction. It is synthetic- 
ally obtained from isovaleraldehyde-ammonia by the action of 
hydrocyanic acid, and hydrolysis of the resulting nitrile: 


(CH;)2CH-CH)- con [HCN > 


et i oD RS 


= (CH3)2CH- Cis: CH(NHs)- -COoH. 


Leucine 
isoLeucine, or a-amino-3-methylvaleric acid, 
ce >CH-CH(NH2)-COOH, 
CoH; 


is also a decomposition-product of proteins. Its constitution is 
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proved by synthesis. The aldehyde formed by oxidation of second- 
ary butylearbinol—the optically active amy] alcohol—yields by the 
method of 229, 3, an amino-acid identical with zsoleucine. 

Fusel-oil is a by-product in the alcoholic fermentation (47). 
EnruicH has proved that it is not derived from the sugars, 
but from leucine and isoleucine formed by decomposition of the 
proteins present in the fermenting liquid. These proteins are con- 
stituents of the grain, potatoes, and other material employed in 
the manufacture of alcohol. When sugar is fermented with a pure 
yeast-culture in presence of leucine, zsobutylcarbinol is formed as a 
by-product: with 7soleucine secondary butylearbinol results. These 
two amy] alcohols are the principal constituents of fusel-oil (51). 

The leucine obtained from proteins is optically active: its for- 
mula contains an asymmetric carbon atom. 

231. Asparagine is often present in sprouting seeds; to the ex- 
tent of 20-30 per cent. in dried lupine-seeds. It is aminosuccinamie 


acid,C2H3(N He) See since on hydrolysis it is converted into 


aminosuccinic acid (aspartic acid), COOH-CH(NH2)-CH2-COOH, 
the structure of which is inferred from its conversion into malic 
acid by treatment with nitrous acid. Asparagine prepared from 
seeds is sometimes dextro-rotatory, but generally levo-rotatory. 
The former is sweet, the latter tasteless. - 

Homologous with asparagine is glutamine, a constituent of the 
seeds of sprouting plants. It is the amic acid (165) of a-amino- 
glutaric acid, COOH-CH(NH2)-CH2-CH2-COOH. 

In addition to the monoamino-acids, diamino-acids are also 
obtained by decomposing proteins with acids. Some of them 
merit description. . 

Lysine, CgH,402N2, is decomposed by putrefaction-bacilli with 
formation of pentamethylenediamine (162): it has the formula 


NH»-CHp-(CHs)3-CH< Oaiaey, and is an aé-aminocaproic acid. 


Emit Fiscuer nas proved this formula by synthesis. On bring- 
ing ethyl monosodiomalonate into contact with 7-chlorobutyronitrile, 
ethyl +-cyanopropylmalonate is formed: 

(COOC,H,),CHNa +Cl-CH,-CH,-CH,-CN > 


Ethyl monosodiomalonate 7-Chlorobutyronitrile 


— (COOC,H;),CH -(CH,);-CN. 


Ethyl 7-eyanopropylmalonate 
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Treatment with ethyl nitrite and sodium ethoxide converts this 
ester by elimination of a carbethoxyl-group into the sodium salt of 


an oxime: 
COOC.H; 1 2 NOH 
NC. (CH,)3-CH< COOG,H, ay NC «(CH,)3-C = COOGHE 
Oxime 


Reduction of this oxime with sodium and alcohol converts the NOH- 
group into NH,, and the CN-group into CH,NH,, with formation of 
inactive lysine, 

NH, 


CH,NH,- (CH, )3*CH <a COOH: 


Ornithine is the next lower homologue of lysine, and has the 
formula C;H,.0,N, or NH,-CH,-CH,-CH,-CH(NH,) -COOH. Bac- 
teria convert it into putrescine or tetramethylenediamine (162). 
Its structure is proved by Emit Fiscuer’s synthesis (371). 


THE WALDEN INVERSION. 


232. When one group attached to an asymmetric carbon atom 
is replaced by another, it is impossible to predict the sign of the 
rotation of the new compound: sometimes it is the same as that 
of the original substance, and sometimes opposite to it. By a 
series of substitutions, WALDEN has transformed an optically active 
compound into its optical antipode. On treatment with moist 
silver oxide, /-chlorosuccinic acid was converted into l-malic acid, 
and this substance was transformed by means of phosphorus penta- 
chloride into d-chlorosuccinnic acid On the other hand, starting 
from d-chlorosuccinic acid, the same operation yielded /-chlorosuc- 
cinic acid. These transformations are indicated in the cyclic scheme 

AgOH 
I-Malic acid. 


| PCl, 
d-Chlorosuccinic acid. 


l-Chlorosuccinic acid 


| PCh aon 
d-Malic acid 
Obviously, a transposition of the groups attached to the asymmetric 
carbon atom is induced either by the moist silver oxide or by the 
phosphorus pentachloride. 
The following is another reaction-cycle, worked out by Emm 
FIscHER: 


NOBr 
d-Alanine————————I-Bromopropionic acid. 


| NH, 


| nti NOBr 
—/-Alanine. 


d-Bromopropionic acid 
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Here the transposition probably took place auring the replacement 
of the amino-group by bromine under the influence of nitrosyl 
bromide and not by the action of ammonia, since, with widely 
different experimental conditions, the same product with a similar 
sign of rotation always resulted in the latter operation. Although 
d-alanine reacted with nitrosyl bromide to form /-bromopropionic 
acid, its ester under identical conditions yielded d-bromopropionic 
acid. 

Nitrosyl bromide, however, converted /-valine or a-aminoiso- 
valeric acid, (CH;),CH-CHNH,-COOH, into an active bromovaleric 
acid, from which ammonia regenerated /-valine. In this instance, 
therefore, it must be assumed either that transposition is not caused 
by the nitrosyl bromide, or else that it occurs in both reactions. 
Other examples of the replacement of halogens by the amino-group 
under the influence of ammonia, explicable only by the assumption 
of a transposition, have been observed by Emit Fiscumr. 

The obvious complexity of the WaLpEN inversion renders it 
necessary to accept with great caution all predictions as to the 
configuration of any new compound resulting from substitution at 
an asymmetric carbon atom. 


ETHYL DIAZOACETATE. 


233. Currius has obtained a yellow oil of characteristic odour 
by the action of nitrous acid on the éthyl ester of glycine: this 
substance has the formula CsHg02N2, and explodes when heated. 
The method of its formation is indicated in the following equation: 


Glycine ethyl ester aS 


N 
CH;000. CH). NH» +HNO2=C2H;000.CHY || +2H,0. 
N 


It is ethyl diazoacetate, and is also called diazoacetic ester. 

The structural formula indicated is proved by numerous trans- 
formations: they can be classified in three divisicns. 

I. The first group includes the reactions involving the elimina- 
tion of the diazo-nitrogen. As an example may be cited the 
conversion of ethyl diazoacetate into ethyl glycollate by treat- 
ment with dilute acids: 

JN H pal 
C2H;00C- CHK ||||+ OH =C,H;00C. CHK aNG: 
~ Nou 
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Brepie discovered that this reaction is greatly accelerated by 
the catalytic agency of hydrogen ions, and on this observatwon he 
has based one of the best methods for the detection and quan- 
titative estimation of such ions. 

Concentrated hydrochloric acid yields analogously ethyl 
monochloroacetate, and iodine ethyl di-iodoacetate. Organic acids 
produce acidylglycollic acid esters: 

HN 


CH3- CoO AF (cH . COOC2H; = CH. Aen > CH3- COOC2H; +No. 


Near its boiling-point ethyl diazoacetate loses all its nitrogen, 
with formation of ethyl fumarate: 
CH-COOC2H5 
2N2CH-COOC2H; =2Ne + || 
CH-COOC2H5 


II. In the second group of reactions the nitrogen is not 
evolved as gas, but one of the bonds between the diazo-group and 
carbon is severed, with formation of pyrazole-derivatives (461). 

III. The third group comprises addition-reactions involving 
the transformation of the double bond between the nitrogen atoms 
into a single bond. An example is the addition of hydrogen to 
form hydrazinoacetic acid, a compound decomposed by acids at 
the ordinary temperature into glyoxylic acid and a hydrazine salt: 


NH 

| CH COOH + H2S04+ H,0=N2H4- H»804 + CHO. COOH. 
NH 

Hydrazinoacetic acid Hydrazine Glyoxylic acid 


sulphate 


The hydrogen atom of the CHNo»-group is replaceable by 
metals, sodium dissolving in ethyl diazoacetate with evolution 
of hydrogen. 


PROTEINS. 


234. Proteins are compounds of great importance in the 
animal and vegetable kingdoms, but of such complex structure 
that their chemical investigation is a matter of extreme difficulty. 
Their great physiological importance is made apparent by the 
fact that the dry material in animal bodies—apart from the 
mineral constituents and fats—consists almost wholly of pro- 
teins, by their being an essential constituent of each living 
plant-cell, and by their forming the most important part of 
human and animal food. An animal can exist without fats 
and carbohydrates for a protracted period, but its death is 
assured by the withdrawal of proteins from its nourishment. 

The investigation of the proteins is rendered difficult not only 
by their complex structure, but also by the fact that, with few 
exceptions, they do not crystallize, and cannot be distilled without 
undergoing decomposition, so that advantage cannot be taken of 
these valuable aids in the isolation of individual substances. 
Moreover, many proteins change very readily into other sub- 
stances, and the distinctions between the different varieties are 
sometimes by no means well defined. 

A number of groups of nitrogenous compounds are classed as 
proteins. Since they sometimes exhibit great differences in 
physical and chemical behaviour, it is necessary first to state the 
general properties characteristic of them. They contain only 
five elements, and do not differ much from one another in com- 
position, as the table indicates. 


CArDOU Gt seo a. ee eet. iy enero 50-55 per cen, 
Hydtogen’{traig:. ccna 6-5-7-3 “ 
Nitrogen eda 9 Vetoes cae 15-17-6 ” 
ORY Cen eects cer nee aes 19-24 ¥ 
Sulphur Sis eerenmekeis cshccape sarees 0-3-5 8 


Those of one variety, called phosphoproteins, also contain phos- 
phorus. 
302 
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235. The solutions of all proteins are optically active and levo- 
rotatory. The proteins are colloids (“‘ Inorganic Chemistry,” 196) ; 
they are, therefore, unable to diffuse through parchment-paper. 
Advantage is often taken of this property in separating them from 
salts and other crystalloids (loc. cit.). Some of them have been 
obtained crystalline, among them serwm-albumin: most of them 
are white, amorphous powders without definite melting-points. 
On heating, they carbonize, with evolution of gases. 

Many, but not all proteins can be “ salted out ” from solution. 
This “ salting-out ” is an important aid in identifying and separat- 
ing the different varieties: usually common salt or magnesium 
sulphate is employed. It is remarkable that all proteins can be 
completely salted out from their solutions in both neutral and acid 
liquids by saturation with ammonium sulphate. The albumins 
can be fractionally precipitated from aqueous solutions by gradu- 
ally increasing the concentration of the ammonium-sulphate solu- 
tion. The point of concentration at which a salt begins to pre- 
cipitate a protein is just as characteristic for the latter as, for 
example, the solubility is for a crystalline substance. When the 
salting-out is effected at ordinary temperatures, it causes no change 
in the properties of the proteins: their solubilities after the opera- 
tion are the same as before it. 

Addition of alcohol precipitates proteins unchanged from 
aqueous solution: strong alcohol coagulates them, as also does boil- 
ing with water. For each albumin there is a definite coagulation- 
point: in other words, each albumin coagulates at a definite 
temperature. On coagulation, the differences in solubility 
between the proteins vanish: all are rendered insoluble in neutral 
solvents, and can be brought into solution again only by treatment 
with dilute caustic alkalis or with mineral acids. A solution, 
which behaves exactly like the solutions thus obtained, can be 
prepared by boiling uncoagulated albumins with a large excess of 
acetic acid or caustic alkali. 

In this process the albumins undergo a change called denatura- 
tion. They cease to be coagulable by heat, but their composition 
remains unaltered. The products are called meta-proteins. When 
the hydrolysis was effected with alkali, the product was formerly 
termed an albuminate or alkali-albumin, when an acid was em- 
ployed, a syntonin or acid-albumin. The meta-proteins are 
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insoluble in water, but soluble in dilute acids and alkalis. They 
are precipitated by neutralizing their solutions. 

The proteins are precipitated from solution by various sub- 
stances, either by coagulation or by the formation of compounds 
insoluble in water. Coagulation is effected by the addition of 
mineral acids, preferably nitric acid. 

The formation of compounds insoluble in water results on 
addition of salts of most of the heavy metals, especially copper 
sulphate, ferric chloride, and an acidified solution of mercuric 
chloride. The proteins, therefore, behave like weak acids, which 
with the oxides of these metals yield compounds of the nature of 
salts. 

Some weak acids yield insoluble compounds with the proteins, 
which, therefore, also behave as bases: in this respect they ex- 
hibit complete analogy to their main decomposition-products, the 
amino-acids. Among these weak acids are tannic acid, picric acid. 
phosphotungstic acid, and others. The proteins are completely 
precipitated from solution by phosphotungstic acid: this method, 
in addition to coagulation by boiling, and precipitation by alcohol, 
is employed to separate dissolved proteins from solution. 

236. Various tests for proteins are known, among them the 
following. 

1. Millon’s reagent, a solution of mercuric nitrate containing 
nitrous acid, yields a red, coagulated mass on boiling. 

2. The xanthoprotein-reaction consists in the formation of a 
yellow coloration on treatment with warm nitric acid. 

3. The biuret-reaction depends upon the formation of a fine 
red to violet coloration when caustic potash is added to a protein, 
and then a two per cent. solution of copper sulphate drop by drop. 
This reaction derives its name from the fact that biuret, on similar 
treatment, gives the same coloration “t273). 


Nomenclature. 


237. After consultation, the Caemicau Socinry or Lonpon, the 
ENGLISH PHYSIOLOGICAL Socinty, the AMERICAN PHYSIOLOGICAL 
Society, and the AMERICAN SociETY or BrotogicaL CHEMISTS 
have adopted the following :ystem of nomenclature for the 
proteins. 
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1. Protamines. —They are the simplest members of the 
group. Examples are salmine and sturine, isolated from fish- 
sperm. 

2. Histones.—They are more complex than the protamines, 
but probably each class gradually merges into the other. They 
are exemplified by the histones separated by Kossex from blood- 
corpuscles. Precipitability by ammonia is one of their distin- 
guishing features. 

3. Albumins.—Lgg-albumin, serum-albumin, and lact-albumin 
are typical examples. 

4. Globulins.—They differ from the albumins in solubility. 
They are more readily salted out from solution than the albumins. 
Examples are serum-albumin, fibrinogen, and such globulin- 
derivatives as fibrin and myosin.* 

5. Glutelins.—Alkali-soluble proteins of vegetable origin. 
They are closely related to the globulins. 

6. Gliadins.—Alcohol-soluble proteins found in the vegetable 
kingdom. The principal member of the group is gliadin, and 
ROsENHEIM has suggested that the class to which it belongs 
should be designated by its name. 

7. Phospho-proteins.—Examples are vitellin, caseinogen (the 
principal protein of milk), and casein (obtained from caseinogen’ 
by the action of rennet). 

8. Sclero-proteins.{—This class includes such substances as 
gelatin, chondrin, elastin, and keratin. The prefix indicates the 


* The carbohydrate-radical separable in small quantitiesfrom many mem- 
bers of Classes 3 and 4 is probably not to be considered as a “prosthetic 
group’; as it is in the glucoproteins (9, c). The term myosin is restricted 
to the final product formed during rigor mortis. Von Ftrru’s “soluble 
myogen-fibrin” should be called soluble myosin. The two chief proteins of the 
musc'e-plasma are termed paramyosinogen and myosinogen. 

+ The prefix “ nucleo-” frequently used in relation to this class is incorrect 
and misleading. The American Societies include this group with the conju- 
gated proteins (9). Since the phosphorus-containing radical is not eliminated 
from the phospho-proteins like a true prosthetic group, and their cleavage- 
products contain phosphorus, the English Societies prefer the arrangement 
indicated. 

¢ This term replaces the word “albuminoid”’ in the limited sense in which 
most physiologists have employed it, but the American Societies retain the 


old name. 
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skeletal origin of its members, and the insolubility of many of 
them. 

9. Conjugated Proteins.*—They are substances in which the 
protein molecule is united to a prosthetic group. The principal 
subdivisions are 

a. NucLEO-PROTEINS.—An example is guanylic acid, isolated 
from the pancreas, liver, spleen, and mammary gland. 

b. CHroMo-PROTEINS.|—Hemoglobin is a type. 

c. GLUCO-PROTHINS.—They are exemplified by the mucins. 

10. Protein-derivatives.t—They comprise the products of 
protein-hydrolysis, and are classed in four divisions. 

a. MmTA-PROTEINS.—This group includes the substances 
formerly classed as ‘“albuminates”’ or “ alkali-albumins,” and 
“syntonins”” or “ acid-albumins,” obtained by the action of an 
alkali or an acid respectively on albumins and globulins. The 
name meta-proteins is preferable because (1) they are derived 
from globulins as well as albumins, and (2) the termination ate 
implies a salt. 

b. Prorrosses.—They include such substances as albuwmose, 
globulose, and gelatose. 

c. Peprones.—Further products of hydrolysis which resemble 
the proteins in answering the biuret-test, but, unlike them, 
cannot be salted out from solution. 

d. PotypEeptipEs.—Products of cleavage beyond the peptone 
stage containing two or more amino-acid-residues. Most of them 
are synthetical substances, but some of them have been separated 


* The American Societies add “lecitho-proteins”’ to this class, but their 
English confréres object on account of the uncertainty as to whether these 
substances are mechanical mixtures, adsorption-compounds, or true chemical 
combinations. 

{ The American Societies employ the term ‘“ Hemoglobins” for chromo- 
proteins. 

t The American Societies include two additional classes in this group: 
“proteans,” insoluble products apparently resulting from the incipient 
action of water, very dilute acids, or enzymes; and ‘‘coagulated proteins,” 
formed by the action of heat or of alcohol. They are of an ill-defined nature, 
and the English Societies consider that it isbetter not to single out for special 
mention a few of the infinite varieties of insoluble modifications exhibited by 
proteins. 
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from the products of protein-hydrolysis. Most of those hitherto 
prepared do not answer the biuret-test. 

238. Particulars of some of the classes named are appended. 

The albumins are the best known and most readily obtained 
of the proteins: all form well-defined crystals, and they are 
therefore probably among the few proteins known to be individual 
chemical compounds; although it has not been proved that these 
erystals are not mixed crystals containing two or more analogous 
individuals. They dissolve in water. 

Their neutral solutions cannot be salted out with sodium 
chloride, magnesium sulphate, or a semi-saturated solution of 
ammonium sulphate—a method of separating them from the 
globulins, which always occur along with them. 

The globulins are further distinguished from the albumins by 
being insoluble in water, although they dissolve in dilute, neutral 
salt solutions, and in solutions of alkali-metal carbonates. At 30° 
they can be completely salted out by magnesium sulphate, and 
partly by sodium chloride. They have not been obtained crystal- 
line. 

The phospho-proteins contain phosphorus, and have a distinctly 
acidic character. All of them turn blue litmus red, and in the 
free state they are only slightly soluble in water, though their 
alkali-metal salts and ammonium salts are freely soluble. The 
solutions of their salts do not coagulate, and can be boiled without 
undergoing any change. 

239. The sclero-proteins differ somewhat in character from the 
albumins. They occur in the animal economy only in the undis- 
solved state, being the organic constituents of the skeleton and 
the epidermis. They include various substances, such as keratin, 
elastin, gelatin, collagen, and chondrin. 

Keratin is the principal constituent of the epidermis, hair, nails, 
hoofs, and feathers. It is particularly rich in sulphur, of which 
it contains between four and five per cent. Its decomposition- 
products resemble those of the albumins. With nitric acid it 
gives the xanthoprotein-reaction, the origin of the yellow 
colour developed when nitric acid comes into contact with the 
skin. 

Elastin is the substance constituting the fibres of connective 
tissue. Its decomposition-products have the same qualitative 
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composition as those obtained from the albumins. It is insol- 
uble in dilute acids and caustic alkalis. 

The collagens are the principal sclero-proteins of the animal 
body, and the main constituent of connective tissue, such as bone 
and white fibrous tissue. In several respects they differ from 
the albumins: they contain 17-9 per cent. of nitrogen; they 
have not an aromatic nucleus; on hydrolysis, they do not yield 
tyrosine (391), their chief decomposition-product being glycine, 
which is accompanied by leucine, aspartic acid, and glutamic 
acid. 

When boiled with water, the collagens are transformed into 
gelatin. This substance is not precipitated from solution by 
nitric acid or other mineral acids, but it is precipitated by 
mercuric chloride in presence of hydrochloric acid and by tan- 
nic acid. 

Chondrin is obtained by extracting cartilage with boiling water, 
the solution gelatinating as it cools. Acetic acid precipitates 
chondrin from solution. When boiled with dilute acids, chondrin 
yields a decomposition-product, chondrosin, which reduces FEH- 
LING’s solution. Chondrin is a derivative of gelatin and chon- 
droitinsulphurie acid. 

240. In the inferior orders of animal life a series of substances 
has been discovered approximating more or less closely in chemical 
properties to the collagens and to elastin. Among them is spongin, 
the principal constituent of sponges, which is much more stable 
towards caustic soda and baryta-water than collagen. When 
completely hydrolyzed by boiling with dilute sulphuric acid, it 
yields leucine and glycine, but no tyrosine, proving it to be a 
collagen. 

On prolonged boiling with water, silk is converted into fibroin, 
which is not decomposed by water even at 200°, and sericin, or 
silk-qgum. 

Cornein is the organic constituent of coral. On hydrolysis, 
it yields leucine and an aromatic substance of unknown com- 
position. 

241. Nearly related to the albumins are the coujugated proteins, 
compounds of proteins with other substances, usually of a very 
complex nature. Like the albumins, they are insoluble in alcohol, 
by which most of them are coagulated. 
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Nucleo-proteins derive their name from the fact that they are 
the principal constituents of the cell-nuclei. They are com- 
binations of proteins with phosphoric acid or nucleic acids 
(Nucleus, important part of the cells of animals or plants). A 
nucleic acid is phosphoric acid which is partially saturated by 
union with basic substances, such as hypoxanthine, guanine, 
xanthine, ete. The composition of the nucleo-proteins differs 
considerably from that of the albumins: they contain about 
41 per cent. of carbon, 31 per cent. of oxygen, and 5-7 per cent. 
of phosphorus. 

The nucleo-proteins have a markedly acidic character: they 
are soluble in water and very soluble in caustic alkalis. They 
answer to the protein colour-tests. 

Chromo-proteins are compounds of proteins with substances 
containing iron, hemoglobin being the dye of red blood-corpuscles. 
It decomposes into globin and hematin. In the lungs it unites 
readily with the oxygen of respired air, yielding oryhemoglobin. 
This substance readily gives up its oxygen, and thus the oxidation- 
processes which maintain the heat of the animal body are carried 
on. It unites with carbon monoxide to form carbonyl-hemoglobin, 
which is unable to combine with oxygen: on this reaction depends 
the poisonous nature of carbon monoxide. 

On treatment with acetic acid and sodium chloride, oxyhemo- 
globin yields the hydrochloride of hematin, called hemin, which 
crystallizes in characteristic, microscopic plates of a brown-red 
colour. The reaction furnishes a delicate test for blood. 

Gluco-proteins are compounds of proteins and carbohydrates. 
They include the mucins, which, like the nucleo-proteins, are 
acidic in character. They are insoluble in water, but soluble in a 
small quantity of lime-water or alkali solution. The liquid thus 
obtained is neutral, has a glutinous appearance, and is not coagu- 
lated by boiling. Unlike the solutions of the albumins, these 
solutions are not precipitated by nitric acid. When boiled with 
acids or caustic alkalis, they yield either syntonins or peptones, 
together with carbohydrates. The presence of the nitrogen-free 
carbohydrates makes the percentage-amount of nitrogen in the 
mucins considerably less than in the albumins: its value lis 
between 11-7 and 12-3 per cent. 

Meta-proteins are mentioned in 235. 
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Proteoses and peptones can be obtained from all proteins by 
suitable hydrolysis. They have the protein-character, being 
insoluble in alcohol, and answering the xanthoprotein-test and 
biuret-test (236, 2 and 3). They are produced during digestion 
by the action of gastric Juice on proteins, and are to be regarded 
as intermediate products in the hydrolysis of proteins, the pro- 
teoses being nearer the proteins, and the peptones nearer the 
amino-acids. 


The Structure of the Protein Molecule. 


242. During last century experimental evidence of the complex 
structure of the protein molecule was accumulated, an important 
point being the great number of substances formed by the decom- 
position of albumin. On dry distillation it yields a black oil 
containing many nitrogen bases; hydrocyanic acid, sulphuretted 
hydrogen, carbon dioxide, water, benzene, and its homologues, 
and numerous other bodies being also formed. Both putrefaction 
and fusion with potassium hydroxide yield ammonia, sulphuretted 
hydrogen, volatile fatty acids such as butyric acid and valeric 
acid, amino-acids like leucine and tyrosine, skatole, ptomaines, 
cresol, and other products. By oxidation with various agents 
it has been possible to isolate hydrocyanic acid, nitriles, benzoic 
acid, numerous volatile fatty acids, and other substances. 

New products have resulted from each fresh mode of attack, 
but the analytical methods employed have not shed any light on 
the structure of the protein molecule, since they yield chiefly 
amorphous and ill-defined substances. The first important step 
towards the solution of the problem was made by ScutirzEM- 
BERGER when he obtained only crystalline derivatives by heating 
proteins with bartya-water in an autoclave at 200° for several 
hours. After removal of the barium, the weight of the decom- 
position-products formed exceeded that of the initial proteins, 
proving that the baryta-water had effected addition of the 
elements of water, thus hydrolyzing the proteins to crystalline 
derivatives. 

It was impossible to effect complete separation of the very 
complex mixture thus obtained, but some of the less soluble con- 
stituents, such as leucine and tyrosine, were isolated. The 
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presence in the reaction-product of a number of amino-acids was 
proved by its properties and the results of analysis. Scut-1rzEm- 
BERGER’S brilliant research was rendered more difficult by the 
necessity of making several hundred analyses. The most import- 
ant conclusion to be drawn from it is, that the amino-acids con- 
stitute the foundation-stones of the proteins, just as the monoses 
are the basis of the polyoses (222). The fission-products obtained 
by earlier experimenters were formed by decomposition of the 
amino-acids. 

243. SCHUTZEMBERGER did not succeed in separating the 
various amino-acids from the mixture obtained by his method of 
fractional crystallization, but the identification of the various 
amino-acids derivable from the individual proteins would be 
insufficient for a complete comprehension of the structure of the 
protein molecule: the proportion of each acid must also be deter- 
mined by separation of the complex mixture into its individual 
constituents. By esterification of the amino-acids (229) and 
fractional distillation in vacwo of the mixture of esters, EMIL 
FiscHER succeeded not only in isolating the principal constituents, 
but also in attaining an approximate insight into their relative 
proportions in the different proteins. His classical researches 
have enabled the products of protein-hydrolysis to be classified 
in six divisions. 

* 1. Monobasic monoamino-acids.—Glycine, alanine, w-amino- 
valeric acid, leucine (230), and phenylalanine, 


CyeH;5-CH2-CHNH2-COOH. 


2. Dibasic monoamino-acids.—<Aspartic acid and glutamic acid 
or aminoglutaric acid. 

3. Diamino-acids.—Ornithine and lysine (231). In the same 
category may be included arginine, obtained by addition of cyan- 
amide to ornithine (276). 

4. Hydroxyamino-acids.—Tyrosine (391) has been known for a 
longtime. Of more recent date is serine, CHpOH- CHNH2-COOH, 
which is synthesized from glycollaldehyde: 


H ONG 


+NH3 — CH20H-CHNH2:-COOH (229, 3). 
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This synthesis indicates the constitution of serine, and further 
confirmation is afforded by its reduction to a-alanine. 

To this class also belongs the complicated diaminotrihydroxy- 
dodecanic acid, CygH2g05Ne2, a decomposition-product of casein. 

5. Compounds with a closed chain containing nitrogen.—a- 
Tetrahydropyrrolecarboxylic * acid or proline, and hydroxyietra- 
hydropyrrolecarboxylic acid or hydroxyproline, are examples of 
such derivatives. Tryptophan (467), Ci,;Hi202Ne2, contains a 
similar chain: probably skatole (467) which causes the character- 
istic odour of human feces, is derived from this fission-product 
of proteins. Tryptophan is characterized by the formation of a 
violet coloration or precipitate on addition of bromine-water. 
Histidin, CgHgO2Nz, is probably related to the purine-group 
(278). 

6. Compounds containing sulphur.—The only representative 
of this class is cystine, CgsH1204Ne2S2, which as early as the begin- 
ning of last century was identified by WoLLasTon as the principal 
constituent of certain gall-stones. It has the formula 


COOH.CHNH2-CH2S—SCH2-CHNH»2:-COOH. 


On reduction it is converted into cysteine, COOH» CHN Ho. CH2SH, 
from which atmospheric oxidation regenerates cystine. 

The constitution of cystine is proved by its formation from the 
benzoyl ester of serine (in which the benzoyl-group is attached to 
nitrogen): fusion with phosphorus pentasulphide converts the 
CH2OH-group in this ester into a CH2SH-egroup. On elimination 
of benzoyl, cysteine is obtained. 

Emit Fiscurer has found that the hydrolysis of proteins can 
be more readily effected by boiling with concentrated hydro- 
chloric acid, or sulphuric acid of 25 per cent. strength, than by 
ScHUTZEMBERGER’S baryta-water method. 

244. Emit Fiscuer’s ester-method has rendered possible the 
approximate quantitative estimation of the products of protein- 
hydrolysis. In the following brief summary of the results ob- 
tained it should be noted that usually not more, and often 
less, than 70 per cent. of the protein is recovered in the form 
of definite compounds, there being a considerable residue which 
cannot be identified on account of experimental difficulties. 


* Cf. foot-note, 460. 
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On decomposition, some proteins yield almost exclusively a 
single amino-acid. Examples of such relatively simple proteins 
are salmine and clupeine, isolated by Kossx. from the testicles 
of the salmon and herring respectively. On hydrolysis the first 
yields 84-3 per cent. of arginine, and the second 82-2 per cent. 

Usually, however, the proteins yield a series of amino-acids, 
the proportions of the individual constituents varying between 
wide limits. In most proteins leucine (230) is the principal con- 
stituent, as in hemoglobin (241), keratin, and elastin (239). It 
is only in fibroin (240) and in gelatin (239) that glycine predomi- 
nates. Of the dibasic amino-acids, aspartic acid (231) is generally 
present in small proportion. Casein (237, 7) contains a relatively 
large amount of glutamic acid. Tyrosine is the principal decom- 
position-product of fibroin: alanine and glycine are formed in 
smaller proportions. Cystine is an important constituent of 
keratin: from cow-hair as much as 8 per cent. of it has been 
obtained, and, on hydrolysis, human hair also yields a large 
proportion. 

The table summarizes the percentage-composition of a few 
proteins with respect to certain constituents. 


eee Casein, | Gelatin. Gee Fibroin 
CUNO: on ge cdopnonnatoee 0 0 16:5 4-7 High 
PA ATIIMNG Seate at iee octal slehaver atc: 4 0-9 0-8 21 
eu cine ten yee ne sere cieiasors a 27°8 10-5 2-1 7-1 1-5 
ENS OAC NOL ano cenenaces 4-3 1-2 0-6 
Ghitamicracids. ccc 1-7 10-7 0-9 3-7 
ISTE OSG 6 Ge O00 OO Lt 5-2 4-8 7-6 1 
IEDR UNS cn Oemat Bont aco 10-5 2-6 0-4 
AINAROSING, oo Condangsebasce 1-3 4-5 3-2 10 
IPTOlING oe iy ncteetns: soreness se: 2-3 3-2 5-2 3-4 
Cystine ate rien saree 0-3 0-1 8 


245. Having elucidated the basis of the protein molecule, 
Emit FiscuEer applied himself to the solution of the greatest 
problem of organic chemistry—the synthesis of the proteins. It 
has long been thought that the amino-acids of the protein molecule 
are linked by their amino-groups, as in glycylglycine, 


NH2-CH2-CO—NH-CH2-COOH, 
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in which the amino-group of one molecule of glycine has become 
united with the carboxy]-group of another molecule, as in the 
formation of acid amides. This hypothesis was confirmed by 
the researches of Emin Fiscupr. He succeeded, by employing a 
number of synthetic methods, in uniting various amino-acid- 
residues, and named the resulting compounds polypeptides. 
They display great analogy to the natural peptones (237, 10, c). 
Their synthesis proves that they have the structure indicated. 


It is not possible to give here a detailed description of these 
synthetic methods, but a brief review will not be out of place. On 
heating, the esters of amino-acids are converted into anhydrides, 
with elimination of two molecules of alcohol, the reaction some- 
times taking place even at ordinary temperatures: 


2NH,-CH,-COOC,H, = 2C,H,OH+NH <Gp Ch NH. 
Glycine ethyl ester Diketoviperaaias 


(Glycine anhydride) 


Under the influence of dilute caustic potash, this anhydride takes 
up one molecule of water, yielding a dipeptide, glycylglycine: 


CO—CH, 


CH.—co> NH+H20 = NH.-CH2.- CO—NH-CH:2-COOH. 


Glycylglycine 


NH< 


When a dipeptide is treated with phosphorus pentachloride in 
acetyl.chloride solution, the earboxyl-group is changed to COCI, 
and the residue of this acid chloride can be introduced into other 
amino-acids: 


NH2-CH:- CO—NH.-CH,-COCI+H,N-CH2-COOC,Hs = 
= NH,-CH,-CO—NH-CH,-CO—NH-CH,-COOC,H; + HCl. 


Saponification of this substance yields a tripeptide, and so on. 


246. The polypeptides, especially from the tetrapeptides to 
the octapeptides, are very like the natural peptones, as a short 
summary of the characteristics of both classes will indicate. 
Most of them are soluble in water, and insoluble in alcohol: 
those less soluble are, however, readily dissolved by acids and 
bases. They usually melt above 200° with decomposition, and 
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have a bitter and insipid taste, and are precipitated by phos- 
photungstic acid. They answer the biuret-test (236): for the 
polypeptides the sensitiveness of the reaction augments with 
increase in the length of the chain. Boiling with concentrated 
hydrochloric acid for about five hours effects complete hydrolysis. 
At ordinary temperatures they are stable towards alkalis. They 
are hydrolyzed by the action of pancreatic juice. 

The highest polypeptide prepared by Emit Fiscuer is an 
octadecapeptide containing eighteen amino-acid-residues, fifteen of 
them being glycine-residues and three being leucine-residues. It 
has all the characteristics just enumerated, and had it been first 
discovered in nature, it would certainly have been classed as a 
protein. 

This octadecapeptide has the molecular weight 1213: that of 
most of the fats is much smaller, the figure for tristearin being 
891. It is the most complex substance of known ‘structure 
hitherto obtained by synthesis. The natural proteins are prob- 
ably mixtures of various polypeptides for which no mode of 
separation has been discovered. 


The step-by-step decomposition of fibroin (240) also indicates 
that the amino-acids in the proteins have an amino-linking. When 
it is treated with concentrated hydrochloric acid, sericoin results, and 
is converted by further boiling with the same acid into a peptone. 
Pancreatic juice converts this substance into tyrosine (391, 2), and 
another peptone, which answers the biuret-test. On warming 
this second peptone with baryta-water, however, it no longer an- 
swers this test, and a dipeptide, glycylalanine, can be isolated 
from the products of decomposition. 


247. Nothing is known about the molecular weight of the 
proteins, except that it must be very great. Attempts to deter- 
mine it by the cryoscopic method have yielded very small 
depressions of the freezing-point. It is uncertain whether the 
observed depressions may have been due to the presence of 
traces of mineral salts in the albumin employed, since their com- 
plete removal is a difficult operation. The negative character 
of the results might also be due to the presence of the albumin in 
the colloidal state, since colloids produce only a very small molec- 
ular depression (“‘ Inorganic Chemistry,” 196). 
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The proportion of sulphur in the proteins supports the hypoth- 
esis of a high molecular weight. In some varieties it is about 
1 per cent. Since there cannot be less than 1 atom, or 32 parts 
by weight, of sulphur in the protein molecule, this percentage 
points to a molecular weight of 3200, assuming the presence of 
only one atom of sulphur in the molecule. The percentage of iron 
in hemoglobin indicates for this protein a molecular weight of 
about 12,500. Other data give 10,000 as the approximate 
molecular weight of many proteins. But there is no gainsaying 
the fact that these conclusions rest on a very uncertain basis: the 
close analogy between the higher polypeptides and the natural 
proteins makes it probable that the chains of the protein molecule 
do not contain more than about 20 amino-acid-residues. 

Even if the difference in the nature and in the number of the 
amino-acids in the protein molecule is alone considered, it is 
evident that an almost infinite variety of proteins is theoretically 
possible. Assuming that the protein molecule contains 20 different 
amino-acid-residues, it can be represented by the scheme 


As, Aiea ee 


A being an amino-acid-residue. Each fresh grouping of these 
residues produces a new isomeride. ‘According to the theory of 
permutations, there are possible 20X19X18x ...xX2x1 or 
approximately 2-3x10!8=2.3 trillion groupings, and hence a 
like number of isomerides. For other reasons this number must 
be greatly increased, the first of them being based on stereo- 
chemical considerations. Some amino-acids contain asymmetric 
carbon atoms: if the protein molecule contains n of them, the 
number of stereoisomerides possible is 2”. Assuming that the 
value of n in the foregoing example is 10, each of the 2-3 trillion 
substances could exist in 219=1024 optically isomeric forms. 
The second reason is that the group —CO-NH— can also exist 
in the tautomeric form (254) —C(OH):N—. It is evident that 
the number of possible isomerides is almost unlimited. It is so 
great as to make it possible that each of the different kinds of 
living material has its own individual protein; and that the 
infinite variety of forms found in organic nature is partly the 
result of isomerism in the protein molecule. 


AMINO-ALDEHYDES AND AMINO-KETONES. 


248. Very few amino-aldehydes and amino-ketones are known. 


Aminoacetaldehyde, CH.NH:-Ch, a very unstable compound, can be 


obtained from aminoacetal, CHNH:-CiOc,4 9, which can be pre- 


pared from monochloroacetal, CH.-Cl-CH(OC:H;,)2. Muscarine is 
possibly the corresponding trimethylammonium base: 


CH,N(CHs)s0H 


LH 

CA +H:0 
O 2 

It is a crystalline, excessively poisonous substance, and is present in 

certain plants—for example, toad-stool (Agaricus muscarius). 


Apart from inorganic substances, chitine is the principal con- 
stituent of the shells of the crustacea, and is best prepared from 
the shell and claws of the lobster. When boiled with concentrated 
hydrochloric acid, chitine is almost wholly converted into glucos- 
amine hydrochloride, CgH,305N-HCl, a well-crystallized — salt. 
Chitine contains an NHo2-group, since like primary amines it 
evolves nitrogen on treatment with nitrous acid, yielding chitose, 
CgH,20¢, with the properties of an aldose. Thus, it is oxidized by 
bromine-water to the monobasic chitonie acid: further oxidation 
with nitric acid converts this substance into the dibasic isosaccharic 
acid. 

Bromine converts glucosamine hydrochloride into d-glucosamic 
acid, CH,OH- (CHOH)3-CHNH2-COOH, which Emin Fiscuer has 
synthesized by the following method. Ammonia and hydrocyanic 
acid react with d-arabinose to form a compound (229, 3), 


CH,OH- (CHOH)3-CHNH2-CN, 
and with concentrated hydrochloric acid this yields 
CH,OH- (CHOH)3-CHNH2-COOH, 


identical with glucosamic acid. Since this acid is reduced to 
glucosamine by the method of 207, 5, the identity of the 
synthetic amine with the natural product is established. 
317 


ALDEHYDO-ACIDS AND KETONIC ACIDS. 


Glyoxylic Acid, COOH-CG +120. 


249. Glyoxylic acid is the first member of the series of aldehydo- 
acids. It is present in unripe fruits, and can be prepared by heat- 
ing dibromoacetic acid, CHBr2-COOH, with water, or by the 
electro-reduction of oxalic acid. It also results on the oxidation 
of alcohol with nitric acid, by the method described under glyoxal 
(199). 

As the above formula shows, glyoxylic acid contains one mole- 
cule of water, which cannot be separated from the acid or its salts 
without their undergoing decomposition. For this reason, the 
water is often assumed to be in chemical combination (155); thus, 
CH(OH)2-COOH, as it is in chloral hydrate (201). In each of 


these substances the aldehydo-group, ae is under the influence 


of a strongly negative group; —CCls in chloral, and —COOH in 
elyoxylie acid. The latter, moreover, possesses all the properties 
characteristic of aldehydes: it reduces an ammoniacal silver solu- 
tion, forms an addition-product with sodium hydrogen sulphite, 
yields an oxime, etc. When boiled with caustic potash, it is con- 
verted into glycollic acid and oxalic acid, the formation of which 
may be explained by the assumption that one molecule of the acid 
takes up the two hydrogen atoms, and another the oxygen atom, 
from one molecule of water: 


2COOH-CHO = COOH-CH,0H +COOH-COOH. 
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Pyroracemic Acid, CH3-CO-COOH. 


250. Pyroracemic (pyruvic) acid, the first member of the series of 
ketonic acids, owes its name to its formation by the distillation of 
either tartaric acid or racemic acid with potassium hydrogen sulphate. 
It is probable that carbon dioxide is first eliminated from tar- 
taricacid, COOH. CHOH-CHOH-COOH, with formation of glyceric 
acid, CHz,0H-CHOH-COOH, which yields pyroracemic acid by 
loss of one molecule of water; for glyceric acid itself is con-. 
verted into pyroracemic acid by heating with potassium hydrogen 
sulphate: 


CH2OH-CHOH-COOH— H20 = 
= CH.—C(OH) -COOH — CH3-CO-COOH. 


Pyroracemic acid can be obtained synthetically by hydrolysis of the 
nitrile formed by the action of potassium cyanide on acetyl! chloride: 


CH3-COCI — CH3-CO-CN — CH3-CO-CO2H. 


This is a general method for the preparation of a-ketonic acids. 
When heated to 150° with dilute sulphuric acid, pyroracemic 
acid yields carbon dioxide and acetaldehyde: 


CH3-CO- [CO3|H = CH3-CA +C0,, 


At ordinary temperatures pyroracemic acid is liquid, but is solid 
at low temperatures. It melts at 9°, boils at 165°, and is miscible 
with water in all proportions: its specific gravity is 1-27 at 20°, 
and it has an odour resembling that of acetic acid. It is a stronger 
acid than propionic acid, for which 104k is 0-134; for pyroracemic 
acid 104k is 56, which must be explained by assuming the presence 
of a negative carbonyl-group in juxtaposition to the carboxyl-group. 

Pyroracemic acid has all the properties characteristic of ketones: 
it yields an oxime, a hydrazone, an addition-product with hydro- 
cyanic acid, etc. 

The electrolysis of a very concentrated solution of potassium 
pyroracemate yields acetic acid and diacetyl. The formation of 
acetic acid may be looked upon as due to the interaction of the anicn 
of the acid and the hydroxyl-ion, after discharge at the anode: 


CH,-CO-COO’+0H’ = CH,;-COOH+CO:; 
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and that of diacetyl as resulting from the union of two acid anions, 
with elimination of CO,: 


CH,-CO-COO’ _ 
CH,-CO-GOO’ = CH,-CO-CO-CH, +2CO3. 


The potassium salts of other ketonic acids are decomposed by 
electrolysis in an analogous manner. 


Acetoacetic Acid, CH3-CO-CH2-COOH. 


251. Acetoacetic acid is a §-ketonic acid. It is not of much 
importance, but its ester, ethyl acetoacetate, CH3 -CO-CH2-COOC2Hs, 
is an interesting compound. 

Ethyl acetoacetate is obtained by CLaisen’s condensation- 
method (200) through the action of sodium on ethyl acetate in 
presence of ethy! alcohol: 


ONa H 


(°.— lL on..cZ [0GsHs + HIC-COOC.H; = 2C,H;0H + 
CHs-Coo,47, > CHs- CISC Hl 5 


Ethyl acetate 
ONa 
+ CH3-C—CH -COOC2H; or CH3-CO-CHNa-COOC2Hs. 


Ethyl sodioacetoacetate 


Addition-product 


The foregomg explanation of the condensation was proved to be 
correct in this instance by CLaisen, who found that ethyl aceto- 
acetate cannot be prepared by the action of sodium on ethyl 
acetate which has been carefully purified from alcohol. The free 
ester, CH3-CO-CH2-COOC2Hs5, can be obtained by treatment of 
the sodium compound with acetic acid. 

Ethyl acetoacetate is a colourless liquid, slightly soluble in 
water, and characterized by an agreeable odour: it boils at 181°, 
and has a specific gravity of 1-030 at 15°. It can be hydrolyzed 
in two ways, respectively known as the ketone decomposition (weak 
hydrolysis) and the acid decomposition (strong hydrolysis), on 
account of the nature of the products. 

The ketone decomposition is effected by heating ethyl aceto- 
acetate with dilute sulphuric acid, or with a dilute aqueous solution 
of alkali, the products being acetone, carbon dioxide, and alcohol: 

CH3-CO-CH2-|CO2|CoHs 


+H One CH3-CO-CH3 +COz +C,HsOH. 
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The acid decomposition takes place when ethyl acetoacetate is 
heated with a very concentrated solution of alcoholic potash or soda: 


CH3-CO-|CH2-COO 
+OH | H+H 


C2H5 


Onn = CH3-COOH +CH3-COOH +C2H;0H. 


The great importance of ethyl acetoacetate for syntheses arises 
from its capability of undergoing these two decompositions, 
together with the fact that the Na-atom in ethyl sodioacetoace- 
tate can be substituted by a great variety of groups. If it is re- 
placed by a group R, there is obtained the compound 


CH;-CO-CHR-COOC2Hs, 


which, by the ketone decomposition, yields a ketone CH3-CO-CH>R, 
a reaction affording a general method of synthesizing methyl- 
ketones (110). 

The compound CH3-CO-CHR-COOC2H; can be converted by 
the acid decomposition into acetic acid, and an acid of the formula 
RH.C-COOH, which furnishes a general method of preparing mono- 
basic acids synthetically. 

Sodium can again react with the compound 


* 
CH3:CO-CHR-COOC2H;, 


* 
with replacement of the hydrogen atom H, and production of a 
compound the Na-atom of which can also be exchanged for the 
most varied groups, yielding substances of the type 


CH3-CO-CRR’-COOC2Hs. 
These are converted by the ketone or acid decomposition into 
CH;-CO-CHRR’ or CHRR’-COOH. 


On account of this property, the number of compounds which 
can be synthesized by the aid of ethyl acetoacetate is very great. 
The process, called the acetoacetic-ester synthesis, is carried out in 
the way already described for the malonic-ester synthesis (166). 
A few examples of this synthetical method may be mentioned. 
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1. Methylnonylketone, the principal constituent of oil of rue 
(from Ruta graveolens), can be obtained by the action of n-octyl 
iodide upon ethyl] sodioacetoacetate: 


CH,-CO-CH[Na +]]C,H,, > Os OR TINEG oh 
COOC,H; GOOCH, 
It yields, by the ketone decomposition, methylnonylketone, 
CH,-CO-CH,-C,Hy,. 


Ethyl n-octylacetoacetate yields, by the acid decomposition, capric 
acid, Cy) H.)O2, which must therefore have a normal carbon chain (144). 
2. Heptylic acid, which is obtainable from levulose by the cyance 
hydrin-synthesis (209, 2), can be synthetically built up from ethyl 
acetoacetate by the successive introduction of a methyl-group and a 
n-butyl-group: this proves it to be methyl-n-butylacetic acid: 


CH,-CO-CHNa CH,-CO-CHC,H, 
| —> —> 
COOC,H; COOC,H, 
Ethyl n-butylacetoacetate 
CH,-CO-CNaC,H, /CHs 
—? | —> CH,-CO -C—C,H, e 
COOC,H; \co0oc,H; 


Ethyl methyl-n-butylacetoacetate 


Ethyl methyl-n-butylacetoacetate yields, by the acid decomposition 
methyl-n-butylacetic acid, 


CH, al Oral = C,H, 
COOH — 


3. 7-Ketonie acids are obtained by the action of ethyl acetoace- 
tate upon the esters of the a-halogen-substituted fatty acids,, 
followed by the ketone decomposition: 


R R 
CH,-CO-CH\Na_X ue CH,-CO-CH—CH-CO,C,H5. 
| tee 
CO,C,H;  CO,C,H, CO,G,H, 


This yields, by the ketone decomposition, 
CH,-CO-CH,-CHR-CO,H. 
Pe 


Qa 
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4. When iodine acts upon ethyl sodioacetoacetate, the sodium is 
removed, and the two residues unite thus: 


CH;-CO-CH|Na Ratt 
8 pea = 
CO,C,H; CO,C,H; 
CH,-CO-CH— CH-COCH, 
- | | +2Nal. 


CO,C,H;  CO,CH, 


Diethy! diacetylsuccinate is formed, and, when boiled with a 20 per 
cent. solution of potassium carbonate, loses carbon dioxide and 
alcohol, with formation of acelonylacetone (200) : 


CH,-CO-CH—CH-CO-CH, 
iH !H 


f —s 
C,H,|0, C| [CO,|C,H, 
OH OH 


Levulic Acid, CH3-CO-CH2-CH2-COOH. 


— CH,-CO-CH,-CH,-CO-CH,. 


Acetonylacetone 


252. Levulic acid is the simplest ;-ketonic acid: it can be 
obtained by the synthetical method described in 251, 3—from ethyl 
acetoacetate by the action of ethyl monochloroacetate; in this 
instance, in the formula given R=H. When hexoses are boiled 
with concentrated hydrochloric acid, levulic acid is produced (209, 
4): it is usually prepared by this method, which has not yet been 
fully explained. 

Leevulic acid is crystalline: it melts at 33-5°, and boils with 
slight decomposition at 250°. It yields an oxime and a hydrazone, 
and an addition-product with hydrocyanic acid: in short, it ex- 
hibits all the reactions characteristic of ketones. 


Mesoxalic Acid, C3H,O;+H,0. 


253. Mesoxalic acid is a type of the dibasic ketonic acids. Its 
constitution is proved by the formation of ethyl mesoxalate when 
diethyl dibromomalonate, BrgC(COOC2Hs5)2, is boiled with baryta- 
water: 


(C2Hs,00C) 20 Bro = Ba | (OH)» = (C2Hs00C)2C(OH), 5 BaBro. 
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Mesoxalic acid is an important decomposition-product of uric 
acid. Like glyoxylic acid (249), it can only be obtained with one 
molecule of water. An ester of the anhydrous acid is, however, 
known: it very readily adds on water. The constitution 
(COOH).C(OH)z2 must therefore be assigned to the free acid (155), 
which has most of the properties of ketones, just as chloral hydrate 
(201) and glyoxylic acid show most of the reactions of aldehydes. 
When boiled with water, mesoxalic acid loses carbon dioxide, form- 
ing glyoxylic acid: 


CO2|H-C(OH)2-COOH. 


It is not surprising that a compound containing a carbon atom 
loaded with four negative groups should break down thus. The 
decomposition takes place more readily than that of:malonic acid, 
which does not lose carbon dioxide till heated above its melting- 
point, to 140°-150°. 


TAUTOMERISM. 


254. Ethyl acetoacetate, and in general such substances as 
1:3-diketones, which contain the group —-CO—CH,—CO—,, afford 
instances of a remarkable kind of isomerism called tautomerism. 
Such compounds behave as though they contained sometimes the 
group named, sometimes the group —C(OH):CH—CO—. A few 
exanuples will serve to make this clearer. 

When alkyl-groups are introduced into ethyl acetoacetate (251), 
they become attached to a carbon atom: thus, ethyl methylaceto- 
acetate must have the constitution CH3-CO-CH(CH3)-COOC2Hs, 
since by the ketone decomposition it yields methylethylketone, and 
by the acid decomposition methylacetic acid, or propionic acid. 
Since it has this constitution, the formation of methylacetoacetic 
acid is best explained by supposing that ethyl sodioacetoacetate, 
CH3-CO-CHNa-COOC2Hs, is first formed, the Na-atom being 
then exchanged for a methyl-group by the action of methyl iodide. 
Most substitutions in ethyl acetoacetate are to be looked upon as 
taking place thus, with formation of C-derivatives of the ester. 

A different effect is produced by the interaction of ethyl sodio- 
acetoacetate and ethyl chlorocarbonate, Cl-COOC2Hs5 (269) , which 
results in the formation of two substances in different quantities. 
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The one formed in smaller quantity results by the reaction indi- 
cated above, 
COOC2H; 
CH3-CO-CHNa—COOC2H; ; 
+Cl-COOC,H, > “Hs ape a 
COOC2Hs5 


) 


since this substance is identical with the product obtained by the 
action of acetyl chloride on diethyl sodiomalonate: 


CH3-COCI + NaCH(COOC2Hs5)2 — CH3CO-CH(COOC2Hs)o. 


It has a ketonic structure, since it dissolves in alkalis, indicating 
that it contams a H-atom replaceable by metals. This must be 
in the CH-group. 

The main product of the reaction, however, is an isomeric com- 
pound, which is assumed to have the enolic constitution 


CH,-C:CH-COOC.H; 


| 
OCOOC2H; 


on account of its method of formation and its insolubility in alkalis: 
this insolubility proves that it does not contain a CH-group between 
two carboxethyl-groups. The formation of a compound of this 
type is best explained by the assumption that ethyl sodioaceto- 
acetate has the constitution CH3-C(ONa):CH-COOC2Hs, as re- 
placement of the Na-atom in this by the group —COOC2H; would 
lead to the formation of a substance of the above constitution. 

An analogous reaction takes place between ethyl chlorocarbonate 
and sodioacetylacetone: the process is fo a small extent in accord- 
ance with the equation 


CH CO-CH 
| +NaCl, 


Na|-CO-CH3 CH3CO-CH-CO-CH3 
Cl; -COOC,H; COOC2H; 


since the compound formed is soluble in alkalis, and therefore con- 
tains a CH-group in union with three negative groups. When 
warmed with an equivalent quantity of caustic potash it yields 
potassium acetate and ethyl acetoacetate: 
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+H |jOK 

CH3-CO-CH- |CO-CH3 =CH3-CO-CH2-COOC2H; +CH3-COOK. 

2 | [GB 3 Ethyl nee note ge ee acetate 
COOC Hs 
The main reaction, however, is represented by the equation 
CH3-C—CH-COCH3 CH3-C=CH-COCH3 

| ce | +NaCl. 
ONa+Cl-COOC2H5 O-COOC2H; 


That it takes place thus is proved by the insolubility of the result- 
ing compound in dilute alkalis, which change it, even at ordinary 
temperatures, into acetylacetone, alcohol, and carbon dioxide: 


CHs -C=CH- COCH3 


[elt 
O COz CoHs = CH3 lO (OED)=CEH : COCH3 =a CO, +CoH;OH. 
+H OH Acetylacetone 


This makes it improbable that the group —COOC2H; is in union 
with a carbon atom. 

255. When acid chlorides react with ethyl acetoacetate, it is pos- 
sible at will to obtain a C-derivative (ketonic) or an O-derivative (eno- 
lic), that is, acompound in which the acid group is linked to the rest 
of the molecule either through carbon: or through oxygen. A 
C-derivative is obtained by the usual method—the treatment of 
ethyl sodioacetoacetate with the acid chloride. When, however, 
ethyl acetoacetate is mixed with pyridine (449), and the acid 
chloride allowed to flow slowly into the mixture, an O-derivative 
only is formed: 


CH3-CO-CH-COOC2H;5 CH3-C=CH-COOC2Hs 

| 

| | 

COCHs O-COCHs3 
(-derivative (soluble in alkali) O-derivative (insoluble in alkali) 


By means of such ambiguous reactions, which characterize many 
other substances, it is not possible to determine whether a body is 
a ketonic compound, containing the group —-CO-CH2-CO—, or an 
enolic compound, with the group —C(OH):CH-CO—. It was for- 
merly usual to assign one of the two formule to substances which 
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exhibited tautomerism, and to explain reactions not in accordance 
with this formula by assuming that transformation had occurred. 
It is now known that a tautomeric substance, in the liquid state or in 
solution, consists of a mixture of the ketonic compound and the enolic 
compound, the proportion of each present being dependent on cer- 
tain conditions, and this view affords a satisfactory explanation of 
the observed facts. 

The fundamental phenomenon is that tautomerides can react 
as though they consisted wholly of the ketonic compound, or wholly 
of the enolic compound. It is explained as follows. If, from a 
mixture of two isomerides capable of changing into one another 
with such readiness that the balance between them is rapidly re- 
stored, an attempt is made to remove one of the components by 
chemical methods, the second component should become trans- 
formed into the first, on account of the disturbance of the equilib- 
rium: the mixture should then react as though it consisted wholly 
of the first component. If a chemical reagent which only reacts 
with the second component is employed, the mixture should 
behave, for the same reason, as though the latter were the only 
substance present. 

It is, however, possible to effect the separation of tautomerides 
by chemical means—first, when the disturbed balance is only 
slowly restored; second, by reactions with nearly the same veloc- 
ity for both forms, resulting in different products. 


These conditions are to a certain extent attained in the reactions 
described in 254 for ethyl chlorocarbonate. It is by no means certain 
that the proportion of the isomerides formed is the same as that 
of the tautomeric forms present in the ethyl acetoacetate, because 
it is unknown how far the above conditions are fulfilled. 


Experience has shown that the enolic form gives an intense 
colour-reaction with ferric chloride, which is not obtained with the 
ketonic form. This gives a ready means of identifying a tautom- 
eride, and of recognizing the conversion of one form into the other: 
it has been applied in various instances, such ac the investigation 
of formylphenylacetic ester. This substance results, by CLaismn’s 
condensation-method (200) from the action of the ethyl ester of 
phenylacetic acid upon that of formic acid: 
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OC2Hs5 CeHs P CeHs 
HC (lock +HJc <¢00c,H, ~ HCO): ©< cooc.H;. 


ONa Ethyl phenylacetate Ethyl formylphenylacetate (enolic form) 


Ethyl formate + 
sodium ethoxide 


The ketonic form, or in this instance the ‘‘aldo-form,” has the 
formula 


The enolic compound is solid, and melts gradually between 60° and 
70°: the aldo-compound is a liquid. In dilute alcoholic solution 
the former gives a deep violet-blue coloration with ferric chloride: 
the latter gives nocoloration. If, however, equally concentrated 
solutions of the enolic form and the aldo-form are prepared, and an 
equal quantity of ferric chloride added to each, after some days the 
solutions are alike, the tint of the enolic compound having become 
lighter, and the aldo-compound having developed a blue colour. 
This proves that after standing for some time both solutions con- 
tain the aldo-form and the enolic form in equal amounts, since the 
tint is the same in each solution. It follows that an equilibrium 
between the opposite transformations exists. 

256. Other methods are known by which this transformation of 
tautomerides can be recognized, of which two may be mentioned. 
Bruuv has shown that rays of light are much more strongly dis- 
persed and refracted by substances contaiming a double bond than 
by their isomerides which do not contain such a bond. Since a 
double bond results from the enolization of a ketonic form, it is 
possible, by a determination of the dispersive and refractive powers, 
to prove that in alcoholic solution enolic compounds are trans- 
formed into ketonic compounds, and vice versa. 

Sir WILLIAM P=zRKIN discovered another aid to the investi- 
gation of these transformations in the electromagnetic rotation of 
the plane of polarization. The plane of a plane-polarized ray, 
passed through a tube containing an optically inactive substance, 
is rotated when an electric current is passed through a wire wound 
round the tube enclosing the column of liquid. The rotation of 
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the plane of polarization has a definite value for a given compound, 
supposing that the current, and the length and temperature of the 
column, are kept constant; and Prrkrin found that substances 
containing a double bond in the molecule occasion a much groater 
magnetic rotation than isomerides with no such bond. 

The conditions upon which the ketization of an enolic com- 
pound, and the enolization of a ketonic compound, respectively 
depend have been the subject of investigation: the temperature 
is one of them. Ctartsen found that, at ordinary temperatures, 
acetyldibenzoylmethane, CH3CO-CH(COCg¢Hs5)2 (benzoyl =CeH;CO, 
cf. 331), has the ketonic form, its aqueous solution giving no color- 
ation with ferric chloride. When heated to 110°, and quickly 
cooled to prevent immediate re-transformation, it is found to be 
converted into the enolic form, since it answers to the colour-test 
with ferric chloride. ! 

Further, the nature of the solvent has a great influence upon 
the transformation. In solution in chloroform, an enolic form will 
remain unchanged for months, while in alcoholic solution it be- 
comes partly or wholly transformed into the ketonic form in the 
course of a few days. 


Tautomerism of Oximes. 


257. The structural formula, a C—NOH, has been assigned 


to the oximes (112). The action of hydroxylamine on aldehydes 
and ketones admits of another explanation, indicated in the scheme: 


HO\. O 
C6 pa N= HOS Ce 
ai we ; SS 


Experiments directed to proving which of these formule is 
right, have shown that the oximes are tautomeric in the sense of 
the scheme 
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O 
+C==NOH = 0d | A 
NH 


The following exemplifies the method. When acetoxime is treated 
with methyl iodide, the methyl-group becomes linked to nitrogen, 
as is proved by reduction of the resulting compound to methyl- 
amine and acetone: 


O 
‘ 3 


But when sodium methoxide is added to a mixture of methyl iodide 
and the oxime—whereby the sodium derivative of the ketoxime is 
first formed—there results an isomeric substance convertible by 
hydrochloric acid into acetone and a compound, NH,-OCH;. Heat- 
ing with hydriodic acid transforms this body into hydroxylamine 
and methy! iodide, proving that its methyl-group is linked to oxygen. 


PYRONE DERIVATIVES. 


258. A number of compounds assumed to contain the group 


are known: they are called pyrone derivatives, and some of them 
occur naturally. 

Chelidonic acid, C7H4Og, so called because it is found in 
Chelidonium majus (greater celandine), forms colourless salts, 
C7H2O0¢Mz: it also yields yellow salts, C7H2O07M4, which are de- 
rived from an acid C7HgQO7, xanthochelidonic acid. When set free 
from its salts, this acid readily loses one molecule of water, and is 
reconverted into chelidonic acid. By boiling with alkalis, the lat- 
ter is decomposed almost quantitatively into two molecules of oxalic 
acid and one molecule of acetone: 
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C7H.0,+3H.0 = 2C,H,0,+C3H,0. 


Oxalic acid Acetone 


These properties are expressed by the structural formula 


tal 
HOOC-C. A: 
\_ #&:000H 


Chelidonic acid 


and consequently the acid can be called pyronedicarboxylic acid. 
Xanthochelidonic acid must then have the structural formula 


cj COOH 
JELC< oF 
ee) 
el OU 


in which the two hydroxyl-hydrogen atoms are also replaceable by 
metals; or, in its tautomeric form, 


CH.—CO-COOH 
we 2 

éo 
\cH,—CO-COOH 


The manner in which it is decomposed by water is evident from 
the equation 


oO) 
CH:C—COOH H C—COOH 
Ze SS iS \OH 
co 0 +3H,0=€O + oH 
\cH:C_—cooH CH C—COOH 
Chelidonie acid Hs O 


Moreover, a synthesis of chelidonic acid corroborates this for- 
mula. The starting-point is acetone, which by CLaIsen’s method 
(200 and 251) can be condensed with two molecules of diethyl 
oxalate: 
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aT pee , / lel ; 
lls CeHs00C-COOC:H; —_CH:C< ee 5 
Omar: 60 +-2CsH,OH. 
a raters n edn 
CH; CyH,00C-COOC;H, CH:C<Géo¢,H, 


The product is an ester of xanthochelidonic acid. When this is 
heated with concentrated hydrochloric acid, two objects are simul- 
taneously attained—the ester is saponified, and one molecule of 
water eliminated. These reactions yield a compound with the 
structural formula given above for chelidonic acid, and identical 
with it. 

259. An important pyrone derivative is dimethylpyrone: 


CH—C. CH3 
co So 


It can be synthesized from ethyl copper-acetoacetate and carbonyl 
chloride (269): 


CHeCOn a CGeCH CH;-CO. —-CO-CH 
| | | 
HO—Cu—CH =CuCl, + “HC CH 
we < co 
CsH;00C + Cl  C00CH;  0,H,00G COOC.H; 
CO : 


On saponification with dilute sulphuric acid, two molecules of car- 
bon dioxide are simultaneously eliminated from the molecule, 
whereupon 

CH3-CO CO-CH3 


H.C CH 
2 co ey 2 


should result. The tautomeride, 


HO OH 
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however, is formed, and loses one molecule of water, yielding di- 
methylpyrone. 

Dimethylpyrone is characterized by its ability to form addition- 
products with acids, which must be looked upon as salts. These 
“salts”? are formed by dissolving dimethylpyrone in an aqueous 
solution of hydrochloric acid, oxalic acid, ete.: they are obtained 
in a crystalline form by the spontaneous evaporation of the solu- 
tions. By dissolving them in a large quantity of water, they are 
completely hydrolyzed, so that it is improbable that the acid in 
them is attached to the carbonyl-group. Co.Luin and Trck.e, the 
discoverers of these compounds, accordingly assume the quadri- 
valency of the oxygen atom closing the carbon chain, thus attributing 
to dimethylpyrone hydrochloride the structure 


CH—C.CH, 
€0 yo aes 
\cH=C.CH; 


They have named these compounds oxoniwm salts, on account of 
their analogy to the ammonium salts. 

These compounds are proved to be true salts—electrolytes—by 
various methods. It must be remembered that an aqueous solu- 
tion of dimethylpyrone has a neutral reaction towards litmus, and 
that its electric conductivity is very small. Thus, the oxonium 
base is only feebly basic: if it forms true salts, they must therefore 
have the properties characteristic of the salts of a weak base. 
These properties can be summed up in the statement that in 
aqueous solution such salts are hydrolyzed to a high degree, or, 
in other words, are to a large extent resolved into free acid and 
free base (‘‘Inorganic Chemistry,” 239). The aqueous solution of 
a dimethylpyronium salt actually has all the properties character- 
istic of the solution of a highly hydrolyzed salt. Thus, its solution 
has a strongly acid reaction: the oxonium salt, however, is partly 
present as salt in the solution, as WaLpEN has demonstrated for 
dimethylpyrone picrate. He found that benzene extracted less 
picric acid from an aqueous solution of picric acid containing 
dimethylpyrone than from a solution containing none. This 
must be explained by assuming the partial formation of a salt, 
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whereby the quantity of free picric acid in the solution is dimin- 
ished (24). 

Hydrolysis can also be detected by observing the depression of 
the freezing-point. When this is determined for solutions of pure 
hydrochloric acid of different concentrations, and subsequently 
after addition of dimethylpyrone to the acid solutions, the depres- 
sion of the freezing-point in the latter case is less than the sum 
of the depressions caused by the hydrochloric acid and by the 
dimethylpyrone in their pure solutions: further, the difference 
between the value thus calculated and the value observed is the 
smaller the more the solutions are diluted, as the following example 
shows. The addition of 3 ¢.c. of normal hydrochloric acid to 10 ¢.e. 
of water caused a depression of 0-846°: the addition of 0-1262 
gramme of dimethylpyrone to the mixture caused a depression of 
0-936°: the same quantity of dimethylpyrone dissolved in 13 c¢.c. 
of water lowered the freezing-point 0-142°. The sum of the de- 
pressions was thus 0-846° + 0-142° = 0-988°: the difference 
between this and the observed depression, 0)-936°, was therefore 
0:052°. When 1 c.c. of normal hydrochloric acid and the same 
volume (0-1262 gramme) of dimethylpyrone were added to 10 e.e. 
of water, the difference was only 0-030°, which is in complete 
agreement with the theory of hydrolytic dissociation. The disso- 
ciation increases with the dilution: in fact, a very dilute solution 
of dimethylpyrone+hydrochloric acid must behave as though 
the two substances were not in combination at all. Partial com- 
bination takes place, however, when the solution is more concen- 
trated, and causes a depression of the freezing-point smaller 
than the sum of the depressions observed separately for each 
substance. 

260. The power of forming oxoniumsalts does not seem to belimited 
to dimethylpyrone and analogous compounds. Von Barrer and 
VitiicER have shown that oxygen-containing compounds, belong- 
ing to various classes of organic bodies, such as alcohols, aldehydes, 
esters, and other substances, are able to yield crystalline com- 
pounds with complex acids, such as hydroferrocyanic acid. It is 
possible, though not fully established, that these are oxonium salts. 
They also attempted to obtain trimethyloxonium iodide, (CH3)30-T, 
analogous to the tetra-alkylammonium salts, but were unsuccessful. 
They are of opinion that GrigNarp’s compounds of alkyl magne- 
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sium iodides and ether (82), such as CH3MgI + (CoHs)20, must be 
regarded as oxonium derivatives, 


The power of forming true salts by the addition of acids is 
especially developed in the alkyl-compounds of the elements of the 
nitrogen group. Examples also occur among the sulphur com- 
pounds: an alkyl sulphide, such as (C2H5)2S, can unite with an 
alkyl iodide to form (C2H5)3S-I, trialkylsulphonium iodide, from 
which the free base can be obtained by the action of moist silver 
oxide. The extent to which elements of other groups of the 
periodic system are capable of forming analogous compounds 
remains to be investigated. 


CYANOGEN DERIVATIVES. 


Cyanogen, C2No. 


261. When mercuric cyanide, Hg(CN)2, is heated, it decom- 
poses into mercury, and a gas, cyanogen. A brown, amorphous 
polymeride, paracyanogen, (CN)x, is simultaneously formed: on 
heating to a high temperature, it is converted into cyanogen. A 
better method for the preparation of cyanogen is the interaction 
of solutions of potassium cyanide and copper sulphate; cupric 
cyanide is formed, and at once decomposes into cuprous cyanide 
and cyanogen: 


AKCN +2CuSO,4 = 2K2S04+Cu2(CN)2+ (CN)po. 


The reaction is analogous to that between potassium iodide and 
a solution of copper sulphate, from which cuprous iodide and free 
iodine result. 

Cyanogen is closely related to oxalic acid. Thus, when ammo- 
nium oxalate is heated with a dehydrating agent, such as phos- 
phoric oxide, cyanogen is produced: inversely, when cyanogen is 
dissolved in hydrochloric acid, it takes up four molecules of water, 
with formation of ammonium oxalate. These reactions prove 
cyanogen to be the nitrile of oxalic acid, so that its constitutional 
formula is N=C—C=N. 

Cyanogen is also somewhat analogous to the halogens, as its 
preparation from potassium cyanide and copper sulphate indi- 
cates. Moreover, potassium burns in cyanogen as in chlorine, 
with formation of potassium cyanide, KCN; and when cyanogen 
is passed into caustic potash, potassium cyanide, KCN, and potas- 
sium cyanate, KCNO, are produced, the process being analogous 
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to the formation of potassium chloride, KCl, and potassium hypo- 
chlorite, KClO, by the action of chlorine on caustic potash 
(“Inorganic Chemistry,” 56). Silver cyanide, like silver chloride, 
is in consistence a cheese-like substance, insoluble in water and 
dilute acids, and soluble in ammonium hydroxide. 

At ordinary temperatures cyanogen is a gas of pungent odour: 
its boiling-point is —20-7°. It is excessively poisonous. At high 
temperatures it is stable, but at ordinary temperatures its aqueous 
solution decomposes slowly, depositing a brown, amorphous, floc- 
culent precipitate of azulminic acid. Cyanogen is inflammable, 
burning with a peach-blossom coloured flame. 


Hydrocyanic Acid, HCN. 


262. The salts of hydrocyanic acid (‘‘prussic acid’”’) are formed 
when carbon, nitrogen, and a strong base are in contact at a red 
heat; for example, when a mixture of carbon and potassium car- 
bonate is strongly heated in a stream of nitrogen. Cyanides are 
also produced when nitrogenous organic substances are heated 
with an alkali or alkali-metal (4). Ammonium cyanide results 
when ammonia-gas is led over red-hot carbon. 

When sparks from an induction-coil are passed through a mix- 
ture of acetylene and nitrogen, hydrocyanic acid is formed, and, 
since acetylene can be obtained by direct synthesis (133), this 
reaction furnishes a method of building up hydrocyanic acid 
from its elements. Its synthesis is also effected by electrically 
raising the temperature of a carbon rod to white heat in an atmos- 
phere of hydrogen and nitrogen, 4-7 per cent. of hydrocyanic acid 
being formed at 2148°. It is usually prepared by heating potas- 
sium ferrocyanide (263) with dilute sulphuric acid, anhydroushydro- 
eyanic acid being obtained by fractional distillation of the aqueous 
distillate. It is a colourless liquid with an odour resembling that 
of bitter almonds: it boils at 26°, and the solid melts at —14?°. 

When pure, hydrocyanic acid is stable, but its aqueous solution 
decomposes with formation of brown, amorphous, insoluble sub- 
stances: the solution contains various compounds, among them 
ammonium formate. 


Like most cyanogen derivatives, hydrocyanic acid is an exces- 
sively dangerous poison. The inhalation of hydrogen peroxide, or of 
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air containing chlorine, is employed as an antidote. Like the mer- 
cury compounds (‘ Inorganic Chemistry,” 274), its toxic effect de- 
pends upon the degree of ionization, so that it must be the cyanogen 
ions that exert the poisonous action. Other evidence leads to the 
same conclusion: thus, potassium ferrocyanide, the aqueous solution 
of which contains no cyanogen ions, is non-poisonous. 


Hydrocyanic acid must be looked upon as the nitrile of formic 
acid: H-COOH —H-CN. Its formation by the distillation of 
ammonium formate, and the reverse transformation—referred to 
above—of hydrocyanic acid into ammonium formate by addition 
of two molecules of water, favour this view, as does also the forma- 
tion of hydrocyanic acid when chloroform, H-CCl3, is warmed 
with alcoholic ammonia and caustic potash (151). Methylamine 
is obtained by reduction of hydrocyanic acid: 


H-C=N+4H = H,C-NHp. 


Hydrocyanic acid is one of the weakest acids, its aqueous solu- 
tion having low electric conductivity. 


Hydrocyanic acid can be obtained from amygdalin, Cy)H,,0,,N, 
which is a glucoside (215), and is found in bitter almonds and other 
vegetable-products. In contact with water, amygdalin is decom- 
posed by an enzyme (219), emulsin, also present in bitter almonds, 
into benzaldehyde, hydrocyanic acid, and dextrose: 

Cy,Hy70,,;N +2H,O = C,;H,O + HCN + 2C,H4.05. 


Amyegdalin Benzaldehyde Dextrose 


Cyanides. 


263. The cyanides of the alkali-metals and of the alkaline-earth- 
metals, and mercuric cyanide, are soluble; other cyanides are in- 
soluble. All have a great tendency to form complex salts, many 
of which, particularly those containing alkali-metals, are soluble 
in water and crystallize well. The preparation and properties of 
some of these salts are described in ‘Inorganic Chemistry,” 308. 

Potassium cyanide, KCN, is obtained by heating potassium 
ferrocyanide, K,Fe(CN)¢, to redness: 


K4Fe(CN)¢ = 4KCN+ FeCo+ No. 
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Potassium cyanide is readily soluble in water, and with difficulty 
in strong alcohol: it can be fused without undergoing decomposi- 
tion. The aqueous solution is unstable; the potassium cyanide 
takes up two molecules of water, slowly at ordinary temperatures 
and quickly on boiling, with elimination of ammonia, and produc- 
tion of potassium formate: 


KCN +2H20 = HCOOK +NHs3. 


Potassium cyanide always has an odour of hydrocyanic acid, owing 
to the fact that it is decomposed by the carbon dioxide of the 
atmosphere into this compound and potassium carbonate. 

The aqueous solution of potassium cyanide has a strongly alka- 
line reaction, the salt being partially hydrolyzed to hydrocyanic 
acid and caustic potash (“Inorganic Chemistry,” 66). Evidence 
of this decomposition is also afforded by the possibility of saponi- 
fying esters with a solution of potassium cyanide, this furnishing 
at the same time a method of determining the extent of the hydro- 
lytic decomposition of the salt. 

Potassvum ferrocyanide, K4Fe(CN).¢, crystallizesin large,sulphur- 
yellow crystals, with three molecules of water, which can be driven 
off by the application of gentle heat, leaving a white powder. It is 
not poisonous (262). When warmed with dilute sulphuric acid it 
yields hydrocyanic acid. On heating with concentrated sulphuric 
acid, carbon monoxide is evolved; in presence of the sulphuric 
acid, the hydrocyanic acid first formed takes up two molecules of 
water, with production of ammonia and formic acid, the latter 
being immediately decomposed by the concentrated sulphuric 
acid into carbon monoxide and water (88). This method is often 
employed in the preparation of carbon monoxide. , 


Cyanic Acid, HCNO. 


264. Cyanic acid is obtained by heating its polymeride, cyanuric 
acid (267), and passing the resulting vapours through a freezing- 
mixture. It is a colourless liquid, stable below 0°. If the flask 
containing it is removed from the freezing-mixture, so that the 
temperature rises above 0°, vigorous ebullition takes place, some- 
times accompanied by loud reports, and the liquid is converted 
into a white, amorphous solid. This transformation was first 
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observed by Lresia and Wéu ER, by whom the product was called 
‘insoluble cyanuric acid,” or cyamelide, which is a polymeride of 
cyanic acid, and probably has the formula.(HCNO)3. It has, 
however, been shown by Senter that the transformation-product, 
contains only about 30 per cent. of cyamelide, the remainder, 
being cyanuric acid: they can be separated by treatment with 
water, in which cyamelide is very sparingly soluble, much less 
so than cyanuric acid. 


The relationship subsisting between cyanic acid, cyanuric acid, 
and cyamelide is explained by the following considerations. At 
ordinary temperatures cyamelide is the stable modification. When 
cooled below 0°, the vapour of cyanuric acid yields cyanic acid, a 
transformation analogous to the condensation of phosphorus-vapour 
at low temperatures to the yellow, and not to the stable red, modi- 
fication. This is due to the fact that at low temperatures the velocity 
‘of transformation of both the unstable forms is very small. Above 
0° the velocity of transformation of cyanic acid is much greater, and 
the polymeric, stable cyamelide is formed, the process, moreover, 
being considerably accelerated by its own calorific effect. Above 
150° cyamelide is converted into the isomeric cyanuric acid. This 
transformation is analogous to that of rhombic sulphur into mono- 
clinic sulphur, the transition-point being about 150°, although the 
process is so slow that it could not be determined accurately. A 
similar slowness prevents observation of the reverse process, the 
direct transformation of cyanuric acid into cyamelide, so that 
cyanuric acid remains unchanged for an indefinite period at the 
ordinary temperature, although it is an unstable modification. In 
this respect it is comparable with detonating gas (‘Inorganic 
Chemistry,” 13). 


Above 0° an aqueous solution of cyanic acid changes rapidly 
into carbon dioxide and ammonia: 
HCNO+H20 = H3N +COg. 
The constitution of cyanic acid itself is unknown, but it yields 
two series of derivatives which may be regarded as respectively 


derived from normal cyanic acid, C< Ga and from isocyanic acid, 
of NH 
\o 
Cyanogen chloride, CNCI, may be looked upon as the chloride of 


normal cyanic acid. It is a very poisonous liquid, and boils at 
15-5°: it can be obtained by the action of chlorine on hydrocyanie 
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acid, and polymerizes readily to‘cyanuric chloride, C3N3Cl3. Cyano- 
gen a ores is converted by the action of caustic potash into potas- 
sium chloride and potassium cyanate: 


CNCI1+2KOH = CNOK+KC1+H,0. 


Esters of cyanic acid have not been isolated: they are probably 
formed in, the first, instance by the action of sodium alkoxides 
upon cyanogen chloride, since the polymeride, ethyl cyanurate 
(CNOC2H5)3, can be readily separated from the reaction-product 
(267). 

Esters of isocyanic acid, on-the other hand, are well known, and 
are obtained by. the action of alkyl halides on silver cyanate: 

CO:N[Ag +1|C.Hs = CO-NCoH;+AglI. 
The zsocyanic esters are volatile liquids, with a powerful, stifling 
odour: they, too, polymerize readily, yielding isocyanuric esters, 
such as (CONC2H5)3 (267). 

The constitution of the 7socyanic esters follows from their decom- 
position into carbon dioxide and an amine, by treatment with water, 
or better with dilute alkalis: 


CO: N-CH3 +H,0 = COz +NHp2-CHs3. 


This reaction was first applied by Wurtz to the preparation of 
primary amines, for obtaining them pure, and free from secondary 
and tertiary amines. 

Primary amines can be obtained from acid amides by the action 
of bromine and caustic potash (104). This is more economically 
effected by distilling a mixture of the acid amide and bleaching- 
powder with lime-water. The mechanism of the reaction has been 
investigated by HooGEwErrFF and vAN Dore. The first product has 
been isolated; it is a substituted amide, with bromine linked to 
nitrogen: R-CO-NH: >R-CO-NHBr. The hydrogen of the amino- 
group can be replaced by metals, owing to the influence of the acid- 
residue, and this replacement is considerably facilitated by the intro- 
duction of a Br-atom. The caustic potash present causes the forma- 
tion of a compound, R-CO-NKBr, which is unstable, but can be iso- 
lated. This potassium bromoamide readily undergoes an intra- 
molecular transformation, similar to the BrCKMANN transformation 
(TE) 


Potassium 
b.O.noamide 
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The transformation-product loses KBr, with formation of an iso- 


N- 
cyanic ester, || , which is decomposed by the water present into a 
OC 


primary amine and CO:. 
Thiocyanic Acid, HCNS. 


265. Thiocyanic acid (sulphocyanic acid) resembles cyanic acid 
in its properties, but is much more stable towards water. It can 
be obtained by treatment of barium thiocyanate with the calculated 
proportion of dilute sulphuric acid. When the solution is fraction- 
ated under diminished pressure, and the vapour passed over calcium 
chloride to free it from water into a vessel cooled by a freezing- 
mixture, the anhydrous acid is obtained in the form of a very vola- 
tile, pungent-smelling liquid, which changes quickly to a solid 
polymeride after removal from the freezing-mixture. When 
warmed with dilute sulphuric acid, thiocyanic acid takes up one 
molecule of water, and decomposes similarly to cyanic acid (264), 
with production of carbon oxysulphide, COS, instead of COz: 


HCNS+H,.O0 = H3N+COS. 

Potassium thiocyanate is obtained by boiling a solution of potas- 
sium cyanide with sulphur. Among other applications it is used in 
Vo.LuHarp’s method of silver-titration. When silver nitrate is added 
to a solution of potassium thiocyanate, silver thiocyanate, AgCNS, is 
deposited in the form of a white, cheese-like precipitate, insoluble in 
dilute mineral acids. Ferric thiocyanate, Fe(CNS);, has a dark 
blood-red colour: its formation is used as a test for ferric salts. The 
red colour is due to the non-ionized molecules Fe(CNS)., since neither 
the ferric ion nor the thiocyanic ion are coloured in solution, and the 
colour is intensified if ionization is diminished; for example, by the 
addition of more of the ferric salt or of the thiocyanate. The red 
colour is removed by agitating the solution with ether, whereas ions 
cannot be extracted by this means. Mercury thiocyanate has the 
property of intumescing when decomposed by heat (“Pharaoh’s 
serpents ’’). 

The constitution of thiocyanic acid, like that of eyanic acid, is 
unknown, and it resembles the latter in giving rise to two series of 
R 


esters, the thiocyanic esters, Cg , and the isothvocyanic esters, 


N-R 
J 
CK, 
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Thiocyanic esters are obtained by the action of alkyl iodides 
upon the salts of thiocyanic acid: 


CN-S[K +1|C2H; = CN-SC,H;+KI. 


They are liquids, insoluble in water, and characterized by a leek- 
like odour. That the alkyl-group in these compounds is in union 
with sulphur is proved by the nature of the products obtained both 
by reduction and oxidation. Reduction yields mercaptans and 
hydrocyanic acid, methylamine being formed from the latter by 
further reduction: 


CN-S-C.H5+2H = CNH+H-S-CeHs. 


Alkylsulphonic acids, such as C2H;-SO2OH (68), are obtained by 
oxidation. 

Under the influence of heat the thiocyanic esters are trans- 
formed into zsothiocyanic esters: thus, distillation of allyl thio- 
cyanate, CN-SC3Hs, effects this change. 

The zsothiocyanic esters are also called mustard-oils, after allyl 
isothiocyanate, to which the odour and taste of mustard-seeds 
are due. The following reactions prove that these compounds 
contain an alkyl-group attached to nitrogen, and have the con- 

ee Ne. on WS 
stitution “%\s . When treated with concentrated sulphuric acid, 
they take up water, yielding a primary amine and carbon oxy- 
sulphide: 
R-N:CS+H20 = R-NH2+COS. 


They are converted by reduction into a primary amine and trithio- 
methylene, (CH2S)3, the latter probably resulting from the polymeri- 
zation of the thiomethylene, CH2S, first formed, which is unknown 
in the free state: 


R-N:CS+4H = R-NH2+CH.2S. 


Addition-products of the mustard-oils are described in 275 and 276. 

Cyanamide, CN-NHg, is obtained in various reactions; for in- 
stance, by the action of ammonia upon cyanogen chloride. It is a 
crystalline, hygroscopic solid, and polymerizes readily. Its hydro- 
gen atoms can be replaced by metals; thus, silver yields silver 
cyanamide, CN-NAgs, which is yellow, and insoluble in dilute 
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ammonium hydroxide, wherein it differs from most silver com- 
pounds. : 

When calcium carbide is heated to redness in a current of 
nitrogen, calcium cyanamide is formed: 


CaCo+ No = CN-NCa+C. 


The absorption of nitrogen is much facilitated by addition of 
10 per cent. of calcium chloride: This! compound can also be 
obtained by heating lime and carbon to a red heat in an atmos- 
phere of nitrogen. The crude product is called ‘‘ Lime-nitrogen ”’ 
(German, Kalkstickstoff),and finds application as an artificial 
fertilizer, being decomposed slowly by water at ordinary tempera- 
tures into ammonia and calcium carbonate; 


CaCN2+3H20 = 2NH3+CaCOs. 


The reaction is much accelerated by heating under pressure. Am- 
monia can be obtained directly from the nitrogen of the atmosphere 
by this method. 
When barium carbide is heated in nitrogen, it yields barium 
cyanide: 
BaCz+Ne = Ba(CN)o. 


This reaction affords a means of preparing cyano-derivatives from 
atmospheric nitrogen. 


Fulminic Acid. 


266. Salts of fulminic acid are obtained by the interaction of 
mercury or silver, nitric acid, and alcohol, in certain proportions. 
The best known of them is mercuric fulminate, HgC:0.N>, which is 
prepared on a large scale, and employed for filling percussion-caps, 
and for other purposes. Guncotton can be exploded by the detona- 
tion of a small quantity of this substance (228); and it produces the 
same result with other explosives, so that the so-called “ fulminating 
mercury ” plays an important part in their application. 

Silver fulminaie, Ag(CNO), is much more explosive than the mer- 
cury salt, and hence is not employed technically. The explosion of 
these salts has a brisant (160), though only local, effect: this enabled 
Howarp, the discoverer of mercuric fulminate, to explode a small 
quantity in a balloon without injury to the latter, the only effect. 
being to shatter the leaden shells containing the explosive. 
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Free fulminic acid is a very unstable, volatile substance: it has 
an odour resembling that of hydrocyanic acid, and is excessively 
poisonous. 

According to Nrr, the formula of fulminic acid is C=N-OH, con- 
taining a bivalent carbon atom. When mercuric fulminate is treated 
with acetyl chloride, a compound of the formula CH,-CO(CNO) is 
obtained. In presence of hydrochloric acid the fulminate takes up 
water, with formation of hydroxylamine and formic acid. It is con- 
verted by bromine into a compound, Br.C.0.N>2, with the constitu- 
tional formula 

Br—C=N—O 


| |. 
Br—C=N—O 


Cyanuric Acid and zsoCyanuric Acid. 


267. Cyanurie bromide, C3N3Brs, is obtained by heating potas- 
sium ferricyanide with bromine at 220°. By heating with water, 
the bromide is converted into cyanuric acid, (CNOH)3. The latter, 
however, is usually prepared by the action of heat on urea (273). 
Two series of esters are derived from this acid, the normal cyanuric 
and the isocyanuric esters, the former being called ‘‘O-esters,” and 
the latter ‘‘ N-esters.”’ 

The normal cyanuric esters are obtained by the action of sodium 
alkoxides on cyanuric chloride or bromide. The formation of alco- 
hol and cyanuric acid on saponification proves the alkyl-group in 
these esters to be in union with oxygen. For this reason constitu- 
tional formula I. is assigned to them: 


N N-R 
WA Vax 
RO-C NOE oc co 
i. beet ea ee fet 
N N Rena NR 
Ww ea 
GC GO 
OR 


The isocyanuric esters result when silver cyanurate is heated 
with an alkyl iodide. Their alkyl-groups are linked to nitrogen, 
since, on boiling with alkali, such an ester yields a primary amine 
and carbon dioxide, a decomposition accounted for in constitutional 
formula Il. The O-esters are formed when an alkyl iodide reacts 
with silver cyanurate at ordinary temperatures, but their conver- 
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sion into the N-esters by heating explains the difference in the 
products obtained at ordinary and at elevated temperatures. 

K1ason has suggested that cyamelide (264) is 7socyanuric acid, 
and that its relation to the zsocyanuric esters resembles that of 
cyanuric acid to the normal cyanuric esters. The formation of 
cyanuric chloride by the action of phosphorus pentachloride on 
the normal esters and normal cyanuric acid, and the fact that the 
iso-esters, and, as SENIER has shown, cyamelide, do not yield chlo- 
rides under this treatment, support this view. 

Important evidence in favour of the imino-formula for cyanuric 
acid has been furnished by CHatraway and WaApMorRE, who have 
succeeded in replacing the metal in potassium cyanurate by chlorine. 
They regard the compound formed as (O:C:N-Cl)3. 


DERIVATIVES OF CARBONIC ACID. 


268. Carbonic acid, HyCOz or CO(OH)s, is not known in the 
free state, but is supposed to exist in the solution of carbon dioxide 
in water: it decomposes very readily into its anhydride, carbon 
dioxide, and water. It is dibasic, and is generally described, with 
its salts, im inorganic chemistry (‘‘Inorganic Chemistry,’ 184). 
Some of its organic derivatives are dealt with in this chapter. 


Carbonyl Chloride, COCle. 


269. Carbonyl chloride (phosgene) is prepared by heating chlo- 

rine and carbon monoxide; an equilibrium 

Cle +CO @ COCh, 

is attained, corresponding at 505° with about 67 per 
cent. of dissociation. It was called phosgene (dws, light; 
yevvac, to produce) by J. Davy in 1811, under the impression 
that its formation by this means can only take place in presence of 
sunlight, a view since proved to be incorrect. Carbonyl chloride is 
a gas with a powerful, stifling odour. It dissolves readily in benzene, 
and the solution is employed in syntheses, both in the laboratory 
and in the arts. 

The reactions of carbonyl chloride indicate that it is the chloride 
of carbonic acid. It is slowly decomposed by water, yielding hydro- 
chloric acid and carbon dioxide. With alcohol at ordinary tem- 
peratures it first forms ethyl chlorocarbonate; 


CO + — CO . 


Nel No 


By more prolonged treatment with alcohol, and also by the action 
of sodium ethoxide, diethyl carbonate, CO(OC2Hs)2, is produced. 
By the action of ammonia, the two Cl-atoms in carbonyl chloride 


can be replaced by amino-groups, with formation of the amide of 
347 
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carbonic acid, urea, CO(NH2)2 (272). All these reactions are 
characteristic of acid chlorides. 


The chlorocarbonic esters, also called chloroformic esters, are col- 
ourless liquids of strong odour, and distil without decomposition. 
They are employed for the introduction of the group —COOC,H; 
into compounds (254). 

The carbonic esters are also liquids, but are characterized by the 
possession of an ethereal odour: they are insoluble in water, and are 
very readily saponified. 


Carbon Disulphide, CS.. 


270. Carbon disulphide is manufactured synthetically by passing 
sulphur-vapour over red-hot carbon. The crude product has a very 
disagreeable odour, which can be removed by distilling from fat. 
The pure product is an almost colourless, highly refractive liquid 
of ethereal odour. It is insoluble in water, boils at 46°, and has a 
specific gravity of 1-262 at 20°. Carbon disulphide is poisonous: 
being highly inflammable, it must be handled with great care. It 
is an excellent solvent for fats and oils, and finds extensive applica- 
tion in the extraction of these from seeds. It is also employed in 
the vulcanization of india-rubber. 

Carbon disulphide is a stable compound, and resists the action 
of heat, although it is endothermic (‘‘Inorganic Chemistry,” 119). 
It is, however, possible to make its vapour explode by means of 
mercuric fulminate. The halogens have little action on it at ordi- 
nary temperatures; but in presence of a halogen-carrier, chlorine and 
bromine can effect substitution, with production of carbon tetra- 
chloride and tetrabromide respectively. 

Carbon disulphide, like carbon dioxide, is the anhydride of an 

- acid, or an anhydrosulphide. With alkali-metal or alkaline-earth- 
metal sulphides it yields trithiocarbonates: 
BaS +CSe2 = BaC8z3. 


Barium 
trithiocarbonate 
The barium salt is yellow, and dissolves in cold water with difficulty. 
By the addition of dilute acids to its salts, free trithiocarbonic acid, 
H2CS3, can be obtained as an unstable oil. The potassium salt is 
employed in the destruction of vine-lice. 
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The potassium salt of xanthic acid is formed by the action of 
potassium ethoxide on carbon disulphide: 


OC2H; 
CS2+KOC2H; = CS 
\sk 
This is effected by agitating carbon disulphide with a solution of 
caustic potash in absolute alcohol, when potassium xanthate sepa- 
rates in the form of yellow, glittering needles. Free xanthic acid 
is very unstable: it owes its name (Sa760s, yellow) to its cuprous 
salt, which has a yellow colour, and results from the spontaneous 


transformation of the brownish-black cupric salt, precipitated from 
a solution of copper sulphate by the addition of a xanthate. 


Carbon Oxysulphide, COS. 


271. Carbon oxysulphide is a colourless, odourless, inflammable 
gas, and is obtained by the action of sulphuretted hydrogen on 
dsocyanic esters: 


2CO-NC.H;-+H.S§ = COS +CO(NHC.H;)>. 


Its formation from 7¢sothiocyanic esters is mentioned in 265. It is 
also produced when a mixture of carbon monoxide and sulphur- 
vapour is passed through a tube at a moderate heat. 

Carbon oxysulphide is but slowly absorbed by alkalis. It yields 
salts with metallic alkoxides: these compounds may be regarded 
as derived from carbonates by simultaneous exchange of oxygen for 
sulphur: 


COS +C,H;-OK = CO 3 
\sk 
Nee LAS 
Urea, CO< NH 


272. Urea owes its name to its occurrence in urine, as the final 
decomposition-product of the proteins in the body. 
An adult excretes about 1500 grammes of urine, containing ap- 


proximately 2 per cent. of urea, in twenty-four hours, so that the 
daily production of this substance amounts to about 30 grammes. 
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To obtain urea from urine, the latter is first concentrated by evapora- 
tion. On addition of nitric acid, urea nitrate, CO(NH,).-HNO,, 
(273) is precipitated, and, on account of impurities, has a yellow 
colour. The colouring is removed by dissolving the precipitate in 
water, and oxidizing with potassium permanganate. Urea is set 
free from the solution of the nitrate by treatment with barium 
carbonate: 
2CON,H,: HNO, + BaCO; = 2CON,H, + Ba(NO;), + H,O +CO,. 
Urea nitrate 

On evaporation to dryness, a mixture of urea and barium nitrate is 
obtained from which the organic compound can be separated by 
solution in strong alcohol. 


Urea is to be looked on as the amide of carbonic acid, on account 
of its formation, along with cyanuric acid and cyamelide, from 
the chloride of this acid, carbonyl chloride, COCls, this reaction 
proving its constitution (269): 


YO AINE, 4.2 


Come C07 "Her 
\(C_HINH, wx, 
Senn Urea 


A confirmation of this view of the constitution of urea is its forma- 
tion by the action of ammonia on diethyl carbonate. 
Urea is formed by addition of ammonia to dsocyanic acid: 


NH Via NH, : ; 
0¢ Nth CO ee 
O \NHe 


Ammonium isocyanate dissolved in water is transformed into urea 
on evaporation of the solution. This is the method by which 
Wouter effected his classic synthesis of urea, by heating a mixture 
of potassium cyanate and ammonium sulphate in solution (1). 


This reaction, which has an important bearing upon the history 
of organic chemistry, has been studied in detail by Jamms WALKER 
and Hamsuiy. Their researches have shown that the reverse trans- 
formation of urea into ammonium isocyanate occurs also, since, on 
addition of silver nitrate, a solution of pure urea in boiling water 
yields a precipitate of silver cyanate. An equilibrium is attained: 

CO(NH,). @ CON -NH,. 


mmonium 


Urea zsocyanate 
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When this equilibrium is reached, the solution only contains a small 
percentage of zsocyanate. It is almost independent of the tempera- 
ture, proving that the transformation of the systems into one another 
is accompanied by but slight calorific effect (100). 


273. isoCyanic esters are decomposed by water, with formation 
of primary amines and carbon dioxide (264). If the primary amine 
formed is brought into contact with a second molecule of ¢socyanic 
ester, addition takes place, with production of a symmetrical dialkyl-- 
urea: 

NHR 
CO:NR+H2NR’ = CO 
N NHR’ 
This is a general method for preparing symmetrical dialkylureas. 


A monoalkylurea is obtained by the action of ammonia, instead of 
an amine, upon an zsocyanic ester. 
NRR’ 
Unsymmetrical dialkylureas, CO , are prepared by the action 
NH, 
of isocyanic acid on secondary amines. The method of procedure is 
analogous to that employed in WOuLER’s synthesis of urea, and con- 
sists in warming a solution of the zsocyanate of a secondary amine: 


MRR’ 
CONH-NHRR’ = 60 
\NH, 


The unsymmetrical dialkylureas are converted by treatment with 
absolute (100 per cent.) nitric acid into nitro-compounds, which were 
discovered by FRANCHIMONT, and are called nitroamines: 

(CH;).N - ae He 


Es (CH3).N * NO,. 
+NO,-|OH 


Urea crystallizes in elongated prisms, the crystals resembling 
those of potassium nitrate: they are very soluble in water, and 
melt at 132°. Like the amines, urea forms sa!ts by addition of 
acids, but only one NH»-group can react thus. Of these salts the 
nitrate, CON2H4-HNOs, and the oxalate, 2CON2H4-C2H20,, dis- 
solve with difficulty in solutions of the corresponding acids. 
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In some of its reactions, notably in certain condensation-pro- 
NH 
cesses, urea behaves as though it had the structure C—OH. An 
\NH, 
ether of this isowrea is obtained by addition of methyl alcohol to 
cyanamide, the reaction being facilitated by the presence of hydro- 
chlorie acid: 


C +HOCH, =C=NH . 
\NH, \NH, 
Cyanamide Methylisourea 


This method of formation indicates the constitution of the com- 

pound. Another reaction confirming this view is the production of 

methyl chloride on heating with hydrochloric acid, which points to 

the fact that the CH,-group is not in union with nitrogen, since under 

NE, 

this treatment methylurea, CO , splits off methylamine, 
NHCH, 

CH,°>NH,. 


When heated, urea melts; it then begins to evolve a gas, con- 
sisting principally of ammonia, but also containing carbon dioxide; 
after a time the residue solidifies. The following reactions take 
place. 

Two molecules of urea lose one molecule of ammonia, with pro- 
duction of biuret: 


/NH> HN 
CO co = NH»-CO-NH-CO-NH,+NHs. 
\ (NEG HIN 


Biuret 


Biuret is a crystalline substance which melts at 190°. When 
copper sulphate and caustic potash are added to its aqueous solu- 
tion, it gives a characteristic red to violet coloration (‘‘biuret- 
reaction ’’). 


On further heating, biuret unites with a molecule of unaltered 
urea, with elimination of ammonia, and formation of cyanuric acid 


(267) : 
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[H|NH-CO-NH-CO-NH/H] _ See 
z i 


H2N-|CO[-NH2 | HN NH 


Hanrzscu has shown that the ureide of cyanuric acid, or tri- 
cyanocarbimido, (CN),(NH+CO-NH,);, is formed by heating biuret 
alone. Cyanourea is probably produced first, and then polymerizes: 

NH.-CO-NH-CO-NH,=H,0+NH,-CO.-NH-CN— 
(NH,-CO-NH),(CN),. 
Like the acid amides, when heated with bases urea decomposes, 
yielding carbon dioxide and ammonia. 


The quantitative estimation of urea in urine is an operation of 
considerable importance in physiological chemistry, and is effected 
by different methods. BuNsrn’s process depends upon the decom- 
position of urea into carbon dioxide and ammonia, on heating with 
an ammoniacal solution of baryta: the carbon dioxide is thus con- 
verted into barium carbonate, which can be collected and weighed. 
In Knop’s method the nitrogen is quantitatively liberated by treat- 
ment of the urea solution with one of caustic potash and bromine 
(German, Bromlauge), in which potassium hypobromite is present: 
the percentage of urea can be calculated from the volume of nitrogen 
liberated. Liexra’s titration-method is based upon the formation 
of a white precipitate of the composition 2CON,H,-Hg(NO3),-3HgO, 
when mercuric-nitrate solution is run into a solution of urea of about 
2 per cent. concentration. When excess of the mercury salt has been 
added, a drop of the liquid brought into contact with a solution of 
sodium carbonate gives a yellow precipitate of basic nitrate of mer- 
cury. Urine, however, contains substances which interfere with 
these methods of estimation: an account of the mode of procedure 
by which the correct percentage of urea can be ascertained will be 
found in text-books of physiological chemistry. 


Potassium cyanate and hydrazine hydrate, H,N-NH,+H,0, 
react together, with formation of semicarbazide, NH,-CO-NH-NH,, 
a base which melts at 96°, and combines with aldehydes and ketones 
similarly to hydroxylamine: 


R,-CjO + H,|N-NH-CO-NH, — R,-C:N-NH-CO-NH,. 
The compounds thus formed are called semicarbazones; they some- 


times crystallize well, and are employed in the identification and 
separation of aldehydes and ketones. 
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Derivatives of Carbamic Acid. 

274. Carbamic acid, NH2-CO-OH, which is the semi-amide of 
carbonic acid, is not known in the free state, but only as salts, 
esters, and chloride. Ammonium carbamate is formed by the union 
of dry carbon dioxide with dry ammonia: 


OF, /OENHs 
CO.+NH; = C=O ; +NH; = CHO ; 
\NHe \NHz 


Ammonium carbamate 


When carbon dioxide is passed into an ammoniacal solution of 
calcium chloride, no precipitate results, since the resulting calcium 
J Oca* 
carbamate, CO , is soluble in water. 
\NHe 
When the salts of carbamic acid are heated in solution, they 
readily take up water, forming carbonates. 
The esters of carbamic acid are called urethanes. They are 
formed by the action of ammonia or amines upon the esters of 
carbonic acid or chlorocarbonic acid: 


/(OC:H;+H NH, /NHe 


\OC2Hs5 \OC2Hs5 
Diethyl carbonate Urethane 
/|\CI+H|INH, /NHe 
CO. ie = gi — CO a 
\0C2H; \0CoHs 


Ethyl chlorocarbonate 


Urethanes also result in the action of alcohol upon isocyanic 
esters: 


o* OC2Hs 
og +HOCH, =—cZO” °. 
NCH \ NHCH; 


Urethanes are also obtained by boiling acid azides(105) with alcohol: 
R.CON,+C,H;OH = R- NHCOOC,H,+N, 


* ca =4Ca. 
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Since the azides are easily prepared from the corresponding acids, 
and the urethanes readily yield the corresponding amines, the car- 
boxyl-group can be replaced by the amino-group: 


R-COOH — R-COOC,H, > R-CONHNH, — R-CON, > 


Acid Ester Hydrazide Azide 
— R-NHCOOC,H; > R-NH,. 
Urethane Primary 
amine 


Urethanes distil without decomposition: ordinary urethane, 
/OC2Hs 
CO 


\NHo2 

boiled with bases, it decomposes into alcohol, carbon dioxide, and 
ammonia. Concentrated nitric acid converts it into nitrourethane, 
C2H;0-CO-NH-NOzg; and on careful hydrolysis this substance 
yields nitroamine, NH2-NOg. 


, melts at 51°, and is very readily soluble in water. When 


Thiourea, CS(NHo)o. 


275. Ammonium isothiocyanate yields thiourea in a manner analo- 
gous to the formation of urea from ammonium isocyanate (272). 
The transformation of the thio-compound can in this instance be 
effected by heating it in the dry state, but is no more complete than 
that of ammonium cyanate, since thiourea is converted by heat into 
ammonium isothiocyanate. Alkyl-derivatives of thiourea result 
from addition of ammonia or amines to the mustard-oils (265), the 
reaction being similar to the formation of alkyl-substituted ureas 
from isocyanic esters (273). 

These modes of formation prove that the constitution of thiourea 
is expressed by the formula CS(NH,)., being similar to that of urea. 
Derivatives of thiourea are known, however, which point to the 

NH 
existence of a tautomeric form Oc SH (273): thus, on addition of 


an alkyl iodide, compounds are obtained in accordance with the 


equation 
NH, NH, 
C<S|H + ett = (<ssH,) 
‘NE \NH 
The alkyl-group in this compound is linked to sulphur; for it de- 
composes with formation of mercaptan, and on oxidation yields a 


sulphonic acid. 
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Thiourea forms well-defined crystals, melting at-172°, and readily 
soluble in water, but with difficulty in alcohol. On treatment with 
mercuric oxide, it loses sulphuretted hydrogen, forming cyanamide: 


/ NIH, N 
C So = cK +H,S8. 
\NH, NH, 


Guanidine, CH;N3. 


276. Guanidine is formed by the interaction of ammonia 
and orthocarbonic esters or chloropicrin, CClsNO 2. This prob- 
ably results from addition of four amino-groups to the carbon 
atom, the compound formed then losing one molecule of am- 
monia: 


/ Nie 
C(OC2Hs)4 > C(NHe)a; = NH3 — C=NH. 
Teese \NHz 
Guanidine 


This method of preparing guanidine establishes the constitutional 
formula indicated. Further evidence is afforded by its synthesis by 
heating cyanamide with an alcoholic solution of ammonium chloride: 


N “O7NE 
0 +NH,Cl -( <u) 
NH» \NHp, 

Guanidine is generally prepared by heating ammonium thiocyanate 
for six hours at temperatures rising from 180° to 205°, air being 
blown through the melt to oxidize the evolved sulphuretted 
hydrogen to sulphur and water, and thus obviate the formation 
of secondary products: 


28:0:NH-NH3= H28S+ (CH5N3) HCNS. 


It is obtained in the form of guanidine thiocyanate, the reaction 
taking place in the following stages: 


SCNH-NH3 — CS(NHoe)2— HeN-CN. 


Ammonium thiocyanate Thiourea Cyanamide 


+ 
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The cyanamide unites with a molecule of the unaltered ammonium 
thiocyanate: 


N NH 
o€ +NH;-HCNS = (c<u1r ens 
NH NH, 


Guanidine thiocyanate 


Guanidine is a colourless, crystalline substance, and readily 
absorbs moisture and carbon dioxide from the atmosphere. It is 
a strong base, unlike urea, which has a neutral reaction: the 
strengthening of the basic character, occasioned by exchange of 
carbonyl-oxygen for an imino-group, is worthy of notice. Guani- 
dine yields many well-defined, crystalline salts. 

NH-NOz 
Nitroguanidine, C—=NH , 1s obtained in solution by the 
\NH 
action of fuming nitric acid upon guanidine: dilution with water 
precipitates the nitroguanidine, which is very slightly soluble in 
NH-NHe 
water. On reduction, it yields aminoguanidine, C—NH , which, 
\NHe 

on boiling with dilute acids or alkalis, decomposes with formation 
of carbon dioxide, ammonia, and diamide or hydrazine, Hz2N-NHe 
(‘Inorganic Chemistry,” 114). This reaction proves the consti- 

tution of nitroguanidine and aminoguanidine. 

An important derivative of guanidine is arginine, CgH;402N4, 
obtained from proteins. It can be synthesized by the action of 
cyanamide on ornithine (231): 


COOH -CH(NHg2)-(CH2)3-NH2+CNeH2 = 


Ornithine Cyanamide 
= COOH-CHNH,- (CH2) NH 
C:NH. 
Ve. 
NH, 
Arginine 


It is doubtful whether the cyanamide is added at the d-NH2-group, 
as represented in the equation, or at the a-NH»-group. 


URIC-ACID GROUP. 


277. Uric acid, CsH403N4, derives its name from its presence 
in small amount in urine: it is the nucleus of an important group 
of urea derivatives. It is closely related to the ureido-acids and the 
acid-ureides (ureides), which are amino-acids and acid amides, con- 
taining the urea-residue, NH2-CO-NH—, instead of the NH»2-group. 

Parabanic acid, C3H203Na, is an acid-ureide: it is obtained by 
the oxidation of uric acid. When warmed with alkalis for a long 
time, parabanic acid takes up two molecules of water, forming urea 
and oxalic acid, a reaction which proves it to be oxalylurea: 


NH OHH 
CO cooH HeN 
Pe Oe le CO 
CO COOH Gay 
aN 2 

NH OHH 


Parabanie acid (Oxalylurea) 


On careful treatment with alkalis, it takes up only one molecule of 
water, yielding oxaluric acid: 


on 

CO CO—NH-CO-NH2 
| co = | é 
CO ao COOH 

\xH Oxaluric acid 
+OHH 


Alloxan, C4H204No, is an important decomposition-product of 
uric acid, from which it is obtained by oxidation with nitric acid: it 
can also be prepared by other methods. It is mesoxalylurea, since, 
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on treatment with alkalis, it takes up two molecules of water, with 
production of urea and mesoxalic acid: 


CO——_NH+OHH CO-OH NH, 


| | | | 
co CO =CO  +C0. 


| | | 
CO. NH+OHH CO-OH te 
Alloxan Mesoxalic acid 


Carbon dioxide and parabanic acid are produced by the oxidation 
of alloxan with nitric acid. 


Alloxan is converted by reduction into alloxantine : 


2C,H,O,N, +2H = C,H,O,N,. 

Alloxantine 
Alloxantine is also formed directly from uric acid by evaporating it 
to dryness with dilute nitric acid. When treated with ammonia, 
it forms a purple-red dye, murexide, CsHsO.N;. The formation of 
murexide is employed as a test for uric acid. Alloxantine dissolves 
with difficulty in cold water, and gives a blue colour with baryta- 
water. There is still doubt as to the constitution of these com- 
pounds. 


Allantoine, C4HgO3Nze, is formed in the oxidation of uric acid 
with potassium permanganate, a fact which has an important bear- 
ing on the constitution of this acid. Allantoine has the structure 


/ NH-CH—NH-CO-NH2 
CO 
\NH-CO 


Allantoine 


since it can be obtained synthetically by heating glyoxylic acid 
with urea: 


H 
/NH noes +H|HN-CO-NHz 
co + ne 

\NH|H__HOj—Co 


Urea Glyoxylic acid 


/NH-CH—NH-CO-NHg 
— CO | ° 
\NH-CO 


Allantoine 


— 
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The formation of alloxan and allantoine from urie acid gives an 

insight into its constitution, the production of the first indicating 
C-N. 

the presence of the complex C DO: and of the second, the pres- 
C-N 

YN -C 

ence of two urea-residues, together with the complex Se | 
N-C. 
These are accounted for in the structural formula 


NH—CO 
| | 
CO C-NH 
ie all yoo. 
NH—C-NH 
Uric acid 


This formula also gives full expression to the other chemical proper- 
ties of uric acid. 


The following synthesis affords confirmation of the accuracy of 
the constitution indicated. Malonic acid and urea combine to 
form malonylurea or barbituric acid : 


NH—CO 

= le 
ie CH2. 
NH—CO 


On treatment with nitrous acid, this substance yields an ¢sonitroso- 
compound which can also be obtained from alloxan and hydroxyl- 
amine, violuric acid : 


NH—CO 

| | 

CO C=NOH. 
| | 
NH—CO 


On reduction, violuric acid gives aminobarbiturie acid s 
" H—CO 
| 
ee NI 
CO C< H a 


| 
NH—CO 
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which, like the amines, adds on one molecule of isocyanic acid on 
contact with potassium cyanate, forming 


NH—C\O HjHN 
This substance is pseudouric acid, and differs from uric acid only 
in containing the elements of another molecule of water. Boiling 
with a large excess of 20 per cent. hydrochloric acid eliminates this 
molecule of water as indicated in the formula, the treatment yielding 
a substance with the constitution assigned to uric acid, and identical 
with this compound. 


Uric acid dissolves with difficulty in water, but is soluble in 
concentrated sulphuric acid, from which it is precipitated by addi- 
tion of water. It forms two series of salts, by exchange of one or 
two hydrogen atoms respectively for metals. Normal sodium urate, 
C5H203N4Naz2+H20, is much more soluble in water than sodium 
hydrogen urate, 2C;H303N4Na+H20. Normal lithiwm urate is mod- 
erately soluble in water. 

Uric acid is present in urine, and is the principal constituent of 
the excrement of birds, reptiles, and serpents: it can be conveniently 
prepared from serpent-excrement. In certain pathological diseases 
of the human organism, such as gout, uric acid is deposited in the 
joints in the form of sparingly soluble primary salts. On account of 
the solubility of lithium urate, lithia-water is prescribed as a remedy. 

278. A number of compounds with the same carbon-nucleus as 
uric acid occur in nature, partly in the animal, and partly in the 
vegetable, kingdom. To the former belong hypoxanthine, CsH4ON4; 
xanthine, CsHsO2N4; and guanine, C5H;ON;: to the latter belong 
the vegetable bases theobromine, C7 HgO2N 4; and caffeine, CsH;9O02N 4. 
To assign a rational nomenclature to these substances and other 
members of the same group, Emin 1scupr regards them as deriva- 
tives of purine (279), the C-atoms and N-atoms of which are 
numbered as indicated in the formula 


IN—*CH NH 
aes NAILS 
Hc2 oe ™NH or fi 5) 8) 


alt eH E | oly 


—t.x7 \3 
N 
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Xanthine, theobromine, and caffeine have the following structural 
formule and rational names: 


NH—CO aE 
| | 
CO C—NH CO C—N (CHs3) 
| erat DoH: 
Ni ine(Cisig 0 
Xanthine or 2; 6-dioxypurine Dimethylxanthine, theobromine, or 
3: 7-dimethyl-2 ; 6-dioxypurine 
N(CH3)—CO 
CO C—N(CHs) 
| || Jou. 
N(CH3)—C— N 


Trimethylxanthine, caffeine, theine, 
or 1:3:7-trimethyl-2; 6-dioxypurine 

Theobromine and caffeine result from the introduction of methyl- 
groups into xanthine. 

Xanthine, C;H;O,N,, is present in all the tissues of the human 
body. It isa colourless powder, soluble with difficulty in water, and 
possessing a weak basic character. On oxidation, it yields alloxan 
and urea. 

Theobromine, C7HsO,.N,, exists in cocoa, and is prepared from this 
product. It is only slightly soluble in water, and is converted by 
oxidation into monomethylallozan and monomethylurea. 

Caffeine or theine, CsH,9O,N,, is a constituent of coffee and tea 
It crystallizes with one molecule of water in long, silky needles, and 
is moderately soluble in water. It is generally prepared from tea- 
dust. On careful oxidation it yields dimethylalloran and mono- 
methylurea. 

The position of the methyl-groups in theobromine and caffeine is 
proved by the formation of these oxidation-products. 


There is an evident resemblance between the constitution of 
uric acid and that of xanthine: 


NH—CO NH—CO 
| | 
CO C—NH CO C_NH. 
| dh 60. CSI ee cen 
NH—C—NH isk 0S 5s, 
Uric acid Xanthine 


These formule indicate the possibility of obtaining xanthine by 
the reduction of uric acid, and up to the year 1897 numerous un- 
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successful attempts were made to prepare it by this method, a 
reaction ultimately effected by Emit Fiscumr in that year. He 
has discovered several methods of converting uric acid into 
xanthine and its methyl-derivatives mentioned, including one by 
which the manufacture of the therapeutically important bases, 
theobromine and caffeine, seems to be possible. 

279. Direct replacement of oxygen in uric acid by hydrogen does 
not seem possible. Emr Fiscurerhas, however,substituted chlorine 
for oxygen by means of phosphorus oxychloride. Various methods 
of replacing the chlorine atoms in these halogen derivatives by 
other groups or atoms have been devised. 

When uric acid is treated with phosphorus oxychloride, the first 
product is 8-ory-2 :6-dichloropurine: on further careful treatment 
with the same reagent, this substance is converted into 2:6:8- 
trichloropurine: 


==C—OH. N=CCl 
a ea 

HO-C C—NH — Cl-C CaS 
eal C-OH ll Il C-Cl. 
N—C—_N7 Ne NZ 
Tautomeric forme of 2: 6: 8-Trichloropurine 


The behaviour of uric acid in this reaction accords with the tauto- 
meric (254) formula of trihydroxypurine, the phosphorus oxychlo- 
ride replacing the hydroxyl-groups with chlorine atoms in a normal 
manner. 


At 0°, and in presence of hydriodic acid and phosphonium iodide, 
trichloropurine changes into di-1odopurvne: 


C;HN,Cl,+4HI = C;H,N,I, +3HCl +21. 


Reduction of the aqueous solution of di-iodopurine with zinc-dust 
yields purine, a white crystalline substance, melting at 216°-217°, 
and very readily soluble in water. It is a weak base, since it does 
not turn red litmus blue. 


Xanthine is thus obtained from trichloropurine. 

Cl-atom 8 in this compound is very stable towards alkalis, 
whereas Cl-atoms 2 and 6 are displaced with comparative ease: 
when trichloropurine is treated with sodium ethoxide, Cl-atoms 
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2 and 6 are exchanged for ethoxyl-groups. On heating the com- 
pound thus obtained with a solution of hydriodic acid, the ethyl- 
groups are replaced by hydrogen, Cl-atom 8 being simultaneously 
exchanged for a H-atom, with formation of xanthine: 


ae OCH; N=C-OH NH—CO 
[| a 
C.H;0- é 0x — HO-C C—NH —CO C—-NH 
|2 So-cl | | Scu | Scu 
l ie | 2 
N—C—N NH—C—N 
2 eis es Se. eee Xanthine (tautomeric form) Xanthine 


When 2: 6-diethoxy-8-chloropurine is heated with hydrochloric 
acid, only the ethyl-groups are replaced by hydrogen, with produc- 
tion of a compound of the formula 


HN—CO 
CO C_NH 
i Ne 
| | Sec 


the tautomeric enolic form changing to the ketonic modification. 
On methylating this substance, its three H-atoms are exchanged 
for methyl-groups, yielding chlorocaffeine, which can be converted 
by nascent hydrogen into caffeine. This process, therefore, affords 
a means of preparing caffeine from uric acid. 

Emit Fiscuer has discovered a very characteristic and simple 
mode of effecting this methylation—agitating an alkaline, aqueous 
solution of uric acid with methyl iodide, whereby the four hydro- 
gen atoms are replaced by methyl-groups, with formation of a tetra- 
methyluric acid. On treating this with phosphorus oxychloride 
POCI;, chlorocaffeine is formed: 


3C503N4(CHs)4+POClz = 3Cs02N4(CH3)3Cl-+ PO(OCH3)s. 


It can be converted by nascent hydrogen into caffeine. 


Electro-reduction of Purine Derivatives. 


280. TaFret has stated that caffeine, xanthine,uric acid, and sim- 
ilar compounds reducible with difficulty by the ordinary methods 
readily take up hydrogen evolved by electrolysis. For this pur- 


§ 280] ELECTRO-REDUCTION OF PURINE DERIVATIVES. 365 


pose the compounds are dissolved in sulphuric acid, the strength 
of which is varied to suit the particular compound, and lies between 
50 and 75 per cent. This solution is contained in a porous cell, and 
has a lead cathode immersed in it. This cell is placed in sulphuric 
acid of 20 to 60 per cent. strength, which contains the anode. The 
hydrogen evolved at the cathode by the current readily effects the 
reduction of these compounds. 

Xanthine and its homologues take up four atoms of hydrogen, 
becoming transformed into deoxy-derivatives: 


Cg Hy 9O2N4 +4H == CgH,20ON,4 +H,0. 


Caffeine Deoxycaffeine 


The deoxy-compounds are stronger bases than their parent-sub- 
stances, which have very weakly basic properties. 

The reduction of uric acid requires six hydrogen atoms, and 
yields purone: 


C5;H403N4 +6H —— C5sHs02N4 +H,0. 


Uric acid Purone 


The oxygen atom of carbon atom 6 is replaced by hydrogen. Two 
hydrogen atoms are simultaneously added at the double bond of the 
uric-acid molecule: 


INH—SCO NH—CH; 

oc 57 . pgs 

CO C Ne => CO CH NH ee 
3NH—4*C—9NH / NH—CH—NHY 


Urie acid Purone 


This structure is proved by the fact that on heating with baryta- 
‘water purone yields two molecules of carbon dioxide: it must, 
therefore, contain two unaltered urea-residues, which necessitates 
the presence of carbonyl-groups 2 and 8. It can be proved that 
carbonyl-group 6 is also the group reduced in xanthine and its 
homologues. 

Purone is neither a base nor an acid, and is not attacked by 
oxidizing agents. When warmed with a 10 per cent. solution of 
caustic soda, it is transformed into isopurone, which has acidic 
properties, and is readily oxidized. 
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The application of the electro-reduction method was at first 
attended by many difficulties, yields varying between wide limits 
being obtained, even when the process was apparently carried out 
in exactly the same way. Tare. has both discovered the cause of 
this anomaly, and indicated a method by which the reaction can be 
kept under control. His investigations are of interest, and are 
worth describing in some detail. 

To be able to watch the course of the reduction-process, TAFEL 
closed the porous cell with a stopper, through which the cathode and 
a delivery-tube for the gas were introduced, care being taken to 
make the connections air-tight. A second apparatus, exactly simi- 
lar to that used for the reduction, but containing acid alone, with- 
out the purine derivative, was introduced into the same circuit. 
Periodically, the gas from both was collected simultaneously during 
one minute. The difference between these volumes of gas is a 
direct measure of the course of the reduction during that minute, 
since it indicates the quantity of hydrogen used in the reduction. 

When this quantity is represented graphically, the abscisse 
standing for the time which has elapsed since the beginning of the 
experiment, and the ordinates for the quantity of hydrogen used 
in the reduction, the normal course of the reduction is indicated 
by Fig. 70, since the quantity of hydrogen absorbed in the unit of 
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time must diminish in the same proportion as the quantity of unre- 
duced purine derivative. 

TAFEL has, however, observed that the addition of traces of a 
platinum or copper salt, as well as of certain other salts, very 
quickly reduces the quantity of hydrogen absorbed to nearly zero. 
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The graphic representation in this case for the addition of 0-04 
milligrammes of platinum for each 100 square centimetres of cathode - 
surface is shown in Fig. 71. This curve indicates that the slightest 
contamination of the lead of the cathode by certain other metals 
is almost sufficient to stop the electro-reduction. 

The following considerations afford an insight into the cause of 
this phenomenon. Hydrogen is only evclved by the passage of an 
electric current through dilute sulphuric acid when the contact- 
difference of potential between the electrodes and the solution ex- 
ceeds a certain value. This is a minimum when platinum elec- 
trodes are used, and very nearly coincides with the contact-difference 
of potential to be expected on theoretical grounds for a reversible 
hydrogen—sulphuric-acid—oxygen-element. 

When the cathode is made of other metals, the contact-difference 
of potential is greater before the evolution of hydrogen begins: for 
this a supertension (German, Uberspannung) is necessary. This 
supertension has a very large value for lead, but as soon as the least, 
trace of platinum or of certain other metals is brought into con- 
tact with the surface of the lead cathode, the supertension dis- 
appears, and with it the power possessed by the evolving hydrogen 
of reducing purine derivatives. 

The explanation is that the contact-difference of potential regu- 
lates the energy with which the discharged ions can react, for the 
pressure under which a discharged ion leaves the solution depends 
only upon the contact-difference of potential between the electrode 
and the liquid in which it is immersed. Nernst states that by 
varying the contact-difference of potential it is possible to obtain 
pressures from the smallest fraction of an atmosphere up to many 
millions of atmospheres. Hence, reductions unattainable by other 
methods, and without supertension, are possible at cathodes where 
it exists. 


SECOND PART. 


THE AROMATIC COMPOUNDS, AND SUBSTANCES 


* RELATED TO THEM. 


. INTRODUCTION. 


281. With but few exceptions, the compounds described in the 
first part of this book contain an open chain. Examples of these 
exceptions are cyclic compounds such as the lactones, the anhy- 
drides of dibasic acids, and the uric-acid group. The closed chain 
of such compounds is very readily opened, and the close relationship 
of their methods of formation and properties with those of the open- 
chain derivatives, makes it desirable to include them in a descrip- 
tion of the aliphatic compounds. 

There exists, however, a large number of substances containing 
closed chains of great stability towards every kind of chemical 
reagent, and with properties differing in many important respects 
from those of the aliphatic compounds. Chief among them is 
benzene, CgHg, with its derivatives. The molecule of benzene con- 
tains a closed chain of six carbon atoms (288) : this substance and its 
derivatives constitute the group of aromatic compounds. Benzene 
can take up six hydrogen atoms, with formation of hexramethylene, 
CeHi2, a compound also containing a closed chain of six carbon 
atoms, but approximating in properties to the aliphatic much more 
than to the aromatic group. Compounds of the formula C,H», are 
also known, containing a closed chain of four or five carbon atoms: 
they, too, have properties similar to those of the aliphatic compounds. 

The closed chain, ring, or nucleus, in benzene and its deriva- 
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tives, and in the cyclic hydrocarbons C,Hg,, consists of the atoms 
of a single element, carbon. Such compounds are called homocyclic. 

Closed chains containing atoms of two or more elements are 
also known: pyridine, C5H5N, and its derivatives, have a ring con- 
taining five C-atoms and one N-atom; furan, C4H,4O, four C-atoms 
and one O-atom; pyrrole, C4H;N, four C-atoms and one N-atom; 
thiophen, C4H48, four C-atoms and one S-atom; pyrazole, C3H4No, 
three C-atoms and two N-atoms; and numerous other examples 
might be cited. Such substances are called heterocyclic. 

There exists another class of compounds having condensed rings, 
or two closed chains with atoms common to each. A type of these 
substances is naphthalene, C,oHg, containing two benzene-nuclei. 
Two dissimilar rings can also have atoms in common, as in quinoline, 
CyH7N, which contains a benzene-nucleus and a pyridine-nucleus. 

Since numerous derivatives of all these compounds are known, 
the scope of the aromatic division of organic chemistry is much 
more extended than that of the aliphatic division. The descrip- 
tion of the aromatic group is, however, greatly simplified by the 
fact that in it the properties of alcohols, aldehydes, acids, etc., 
already described for the aliphatic compounds, are again met with. 

The most important cyclic compounds are benzene and its de- 
rivatives. They will be described after a brief consideration of the 
compounds of the formula C,H2n, containing rings of three, four, or 
five carbon atoms. 


POLYMETHYLENE DERIVATIVES. 


I. TRIMETHYLENE DERIVATIVES. 
CHa 
282. Trimethylene, C;Hg = |__——YCHn, is obtained by the action 
Clie 


of sodium on trimethylene bromide, CH,Br-CH,-CH,Br (154). It 
is a gas, which liquefies at a pressure of five to six atmospheres. It 
is not identical with propylene, CH,:CH-CHs, since with bromine 
it forms an addition-product only very slowly under the influence of 
sunlight, yielding trimethylene bromide. This reaction and its syn- 
thesis prove its constitution. 

Trimethylenecarboxylic acid is formed by saponifying the primary 
product of the interaction of ethylene bromide and ethyl disodig- 
malonate, and eliminating carbon dioxide: 


CH,|Br COOC.H, CHA /COOC;H 
ine + Nac “= 2NaBr+ | Be Grains 
CH,|Br | \COOC,H, u/ \coocah, 


See hae Hed 


CH-COOH. 
CH, ve \cooH ee 


II. TETRAMETHYLENE DERIVATIVES. 


283. Tetramethylene derivatives are obtained when diethyl di- 
sodiomalonate reacts with trimethylene bromide, the diethyl ester 
of a tetramethylenedicarboxylic acid being formed: 


CH,|Br CH, 
| . AN 
CH} + Na,!C(COOC,Hs;). = CH, C(COOC,Hs;),+2NaBr. 
| WW 
CH, Br CH, 
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When heated, the dibasic acid obtained by tne saponification of this 
ester loses one molecule of carbon dioxide (166), yielding tetra- 
methylenecarboxylic acid. 

Tetramethylene or cyclobutane is obtained from this acid by a 
method applicable to the preparation of other hydrocarbons. The 
amide of acid I. is converted by the method of 264 into cyclo- 
butylamine (II.). Treatment of this amine with excess of methyl 
ilodide yields the iodide of the quaternary ammonium base IIL., 
from which the base is then prepared. On dry distillation, it 
decomposes (73) into trimethylamine, water, and cyclobutylene (IV.): 


CH,—CH °. CONH, cee ° NH, 
it) | i — 
CH,—CH, CH,—CH, 
CH,—CH.N(CH,),OH CH,—CH 
= iit | =—IV.| || +N(CH);, +/H,0. 
CH,—CH, CH,—CH 


On careful reduction with hydrogen and nickel, cyclobutylene is 
converted into cyclobutane. 


Jil. PENTAMETHYLENE DERIVATIVES. 


284. Pentamethylene derivatives can be obtained by a similar 
method, the action of tetramethylene bromide on diethy] disodio- 
malonate. 

When calcium adipate is submitted to dry distillation, a keto- 
derivative of pentamethylene is formed: 


CH,-CH,+CO -|O CH,-CH, 
Gua ee ee ctcoget 5 Seo, 
CH,-CH,-CO 07 C we 


Hy e Ci 
Calcium adipate Ketopenta- 
methylene 


It is also obtained by heating adipic anhydride: 


CH,-CH,-CO: CH2-CHa 
CH,-CH,-CO: H,-CH, 
The structure of this compound is proved by its oxidation to glutaric 
acid: 
CH,-CH CH,-CH,-COOH 
JO — | : 
CH,-CH, CH,-COOH 


Glutaric acid 
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Penthamethylene is obtained by the reduction of this ketonic derivative, 
the carbonyl-group taking up two H-atoms, with formation of a 
CHOH-group. By treatment with hydriodic acid, hydroxyl is first 
replaced by iodine, and finally by hydrogen: 


CH,-CH, CH,-CH,, 
| co al SCHOH > 
CH,-CH, CH,-CH, 
CH,-CH ClehoClae 
ae "CHI ek SCE,. 
CH, -CH, CH, g CH, 


Pentamethylene is a colourless liquid boiling at 50°. 

Hexamethylene and its derivatives form the group of hydro- 
aromatic compounds. On account of their relationship to the 
terpenes and camphors, they are described in a separate chapter 
(407-411). 

285. Several methods are applicable to the preparation of sub- 
stances containing rings of seven carbon atoms. The first member 
of this class to be prepared was suberone, obtained by the dry dis- 
tillation of calcium suberate: ; 


CH, CHz*CHz*COO\ CH;*CH2*CH:\ 

| Pea = CalOs+ | CO. 

CH,:CH,-CH,*COO CH,-CH,-CH, 
Calcium suberate Suberone 


Hydrolysis of the nitrile obtained by addition of hydrocyanic 
acid to suberone and reduction of the resulting o-hydroxy-acid 
yield suberanecarboxylic acid: 


CH,-CH2-CH2\ J OH CH:*CH*CH\ 
Ce DCH: COOH. 
CH, -CH,-CHL7 NON) - CH CHoCE 


This acid is also obtained by the interaction of ethyl diazoacetate 
and benzene, ethyl pseudophenylacetate being formed as an inter- 
mediate product: 


ae 
C,H, + N.HC-COOC,H; = es + N,. 
\ 


The acid corresponding with this ester can be transformed into the 
isomeric isophenylacetic acid: reduction converts this isomeride into 
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suberanecarboxylic acid, proving the presence of an unsaturated 
ring of seven carbon atoms. 

A third mode of preparing cyclic compounds with seven carbon 
atoms is exemplified by the conversion of cyclohexylmethylamine (I.) 
and other similar primary amines into stable nitrites (II.): 


J HC 
CH, D CH:CH.:NH, > (CH,).>CH-CH,-NH,-NO,H. 


On boiling in acetic-acid solution, these nitrites are transformed 
by elimination of nitrogen into the alcohols of the next higher 
ring-system: 


(CH,);>CH-CH,-NH,-NO,H — (CH,).>CHOH. 


The conversion into suberone by oxidation of the alcohol formed 
from cyclohexylmethylamine affords a proof of the course of this 
reaction. The synthesis of cyclic compounds containing eight 
carbon atoms is effected similarly. 

The cyclic hydrocarbons, CaHon, from cyclopropane to cyclo- 
octane have been definitely isolated. The table contains a com- 
parison of some of their physical constants with the corresponding 
constants of the normal hydrocarbons of the saturated series 
CnHon+2, and the unsaturated series, CpHon. 


————— — 


CpHon +2 CyHon, Unsaturated, CyHon, Cyclic. 
Number 
Of Carbon! eeearegem plat mae ~~ | Specific 
Atoms. Boiling- Specific Boiling- Specific Boiling- Gravity, 
point. Gravity. point. Gravity. point. d°s 
3 —45° |0-536 (0°)|/— 48-2° ca.—35° 
4 ake 0-600 (0°)/|— 5° 11°-12° | 0-7038 
5 36°32 |0°627 (142) 35° 0-648 (0°) 49° 0+ 7635 
6 68°9° |0+658 (20°)|} 68° 0-683 (15°) 81° 0+7934 
7 98-4° |0-683 (20°) 98° 10-703 (19+5°)|| 117° | 0.8252 
8 125-6° {0-702 (20°)|| 124° 0-722 (17°) 147° 0-850 


The saturated cyclic hydrocarbons have higher boiling-points 
and much higher specific gravities (about 0-21) than their unsatu- 
rated isomerides. The saturated hydrocarbons contain two hydro- 
gen atoms more than the corresponding olefines. Tne correspond- 
ing members of both series have almost the same boiling-points, but 
their specific gravities are about 0.02 lower. 
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286. cycloPentadiene, CsH,, is a hydrocarbon which can be isolated 
from the first runnings obtained in the purification of crude benzene. 
It boils at 41°, and polymerizes readily to dicyclopentadiene, Cy) Hy. 
Cyclopentadiene forms an addition-product with four halogen atoms. 
Since its molecule contains six hydrogen atoms less than the corre- 
sponding saturated hydrocarbon, C;H,», the fact that it takes up four 
instead of six univalent atoms indicates that it has cyclic formula I. 


fe ft st 
et | 

I. CH CH Il. CH (CH=CH CH 
—, Na ay 

2 CH, CH, 
cycloPentadiene Dicyclopentadiene 


TuiE.E found that’ the hydrogen of the CH,-group in cyclopenta- 
diene can be readily substituted, and attributed its reactivity to the 
proximity of the two double bonds. Thus, in presence of alkalis 
this hydrocarbon forms remarkable condensation-products with 


ketones: 


THIELE has named the simplest member of this group julvene. 
Tis formula is C,H,, so that it is isomeric with benzene. Its consti- 
tution is represented by 


a CH 
>c=cH,. 
ee CH 


CONSTITUTION OF BENZENE. 


287. Certain substances found in the vegetable kingdom are 
characterized by the possession of an agreeable aroma: such are 
oil of bitter almonds, oil of carraway, oil of cumin, balsam of Tolu, 
gum-benzoin, vanilla, etc. These vegetable-products consist. prin- 
cipally of substances of somewhat similar character, which differ 
from the aliphatic compounds in containing much less hydrogen in 
proportion to the other elements: thus, cymene, CyoHy,4, is obtained 
from oil of carraway; toluene, C7Hg, from balsam of Tolu; and 
benzoic acid, C7HgQ2, from gum-benzoin. The saturated aliphatic 
compounds with the same number of C-atoms have the formule 
C10H22, C7Hig, and C7H; 402, respectively. 

Before the nature of the so-called aromatic compounds had been 
closely investigated, and on account of their external similarity, it 
was customary to regard them as members of a single group, just 
as ordinary butter and “‘butter of antimony,’”’ SbCl, were classed 
together because of their similarity in consistency. This method 
of classification is still adopted for compounds with analogous 
properties, but of imperfectly understood constitution, such as the 
bitter principles, some vegetable alkaloids, and many vegetable dyes. 

A closer study of the aromatic compounds has shown that the 
old and somewhat arbitrary classification according to external re- 
semblance is well founded, since all these substances may be looked 
upon as derivatives of one hydrocarbon, benzene, CgHg, just as the 
aliphatic compounds can be regarded as derived from methane, 
CH,. Thus, on oxidation, toluene yields benzoic acid, the calcium 
salt of which is converted into benzene by distillation with lime. 
The dibasic terephthalic acid, CgHgO4, is formed by the oxidation of 
cymene, and can be similarly transformed into benzene. 

The discovery of this relation by KekuLE brought into promi- 


nence the question of the constitution of benzene, the basis of all 
O79 
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the aromatic compounds. Its formula, CgH¢, contains eight hydro- 
gen atoms less than that of the saturated paraffin with six C-atoms, 
hexane, CgH,4.. Benzene, like other hydrocarbons poor in hydrogen, 
such as CgHj2 and CeHio, might be supposed to contain multiple 
carbon bonds, but its properties do not admit of this assumption, 
Compounds with a multiple carbon bond readily form addition~ 
products with the halogens, are very sensitive to oxidizing agents, 
and easily react with von BAEYER’s reagent (123): benzene lacks 
these properties. It yields halogen addition-products very slowly, 
whereas compounds with a multiple carbon bond form them instan- 
taneously. It must, therefore, be concluded that benzene does not 
contain multiple carbon bonds, and that the carbon atoms in its 
molecule are linked together in a special manner. 

Other considerations lead to the same conclusion. Von BArYER 
has discovered certain dibasic acids, derivable from hexamethylene 
or cyclohexane, 


CH,—CH, 
Ye NG 
HC CH, 
Ye 
CH,—CH, 


by exchange of hydrogen for carboxyl. Removal of two or four 
hydrogen atoms from these hexamethylene derivatives yields com- 
pounds the behaviour of which indicates that they contain a mul- 
tiple carbon bond. The abstraction of six hydrogen atoms would 
be expected to produce a compound of an even more unsaturated 
character, but a benzene derivative lacking all the properties con- 
ferred by a double bond is formed instead. The elimination of the 
third pair of hydrogen atoms from the hexamethylene derivative, 
unlike that of the first and second pair, occasions a sudden and 
complete change in properties. 

288. To understand the manner of linking of the benzene carbon 
atoms, it is necessary to know the relative distribution of its hydro- 
gen and carbon atoms. Two facts suffice to determine this dis- 
tribution. First, there are no isomerides of the monosubstitution- 
products of benzene. Second, the disubstitution-products exist in three 
isomeric forms. Hence, there is only one monobromobenzene, 
CsH;Br; but three dibromobenzenes are known, and are distin- 
guished by the prefixes ortho, meta, and para. 
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It follows from the first of these facts that the six hydrogen atoms 
of benzene are of equa! value (404): that is, replacement of any one of 
them yields the same monosubstitution-product. Three formule, 
in which the six hydrogen atoms are of equal value, are possible for 
benzene: 


I. C4(CH3)2; II. C3(CHe)3; III. (CH). 


It has now to be considered which of these formule agrees with the 
second fact stated over-leaf. 

A disubstitution-product of a compound with formula I. can be 
either 


No other isomerides are possible, so that this formula is inadmissible 
as leading to two, instead of to three, isomerides. 
With formula II. four isomerides seem possible: 


a (QHX b. (CHX « (CXs d (CH: 
Ce CoG men Chie cCrCus (Oe Gx 
( CH CHX | CH, CH, 


The hydrogen atoms in benzene being equivalent, the CH2-groups 
in the benzene molecule must be similarly linked, so that a=b, and 
c=d: in other words, the number of possible isomerides is reduced 
to two. Formula II. cannot be accepted either, since it also fails to 
explain the formation of three isomeric disubstitution-products. 
There remains only formula III., in which each carbon atom is in 
union with one hydrogen atom. The question of the constitution 
of benzene therefore narrows itself to this: given a compound CgHg, 
in which each carbon atom is linked to one hydrogen atom, the 
problem is to find a formula which accounts for the equivalence 
of all the hydrogen atoms, the formation of three disubstitution- 
products, and the absence of double or multiple bonds. It is evi- 
dent that an open carbon-chain formula cannot fulfil the prescribed 
conditions, since the hydrogen atoms attached to such a chain con- 
taining terminal and intermediate CH-groups could not be equi- 
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valent. The six hydrogen atoms can only be of equal value with a 
ring of six C-atoms: 


CH 


HC CH 
HC CH 
CH 


This arrangement of the CH-groups also fulfils the second condition, 
as is evident from the scheme: 


Ox Cx Cx CX 
HO cx cé cH HC CH HC cH HC CR 
HO cH uc’ Yon xo cx xc CH HC OH 
cH CH CH ox 


in which the compounds CeH4Xe2, 1:2=1:6, 1:3=1:5, and 1:4 are 
isomeric. The formation of three isomerides is, therefore, also 
accounted for. 

In this scheme, each carbon atom is in union with one hydrogen 
atom and two other carbon atoms, so that three bonds of each ear- 
bon atom are accounted for: it only remains to ascertain the mode 
of linking of the fourth carbon bond. A hypothetical view was 
suggested by ARMSTRONG, and also by von Baryrr. They assume 
that the direction of the fourth bond of each C-atom is towards the 
centre of the benzene-ring, and that each bond is kept in equilibrium 
by the others, their mutual attraction occasioning the stability of 
the ring. This centric formula for benzene is given in Fig. 72. 


CH 
HC CH 


HC CH 


CH 
Fig. 72.—CrntTRIC FoRMULA ror BENZENE. 


Such a mode of linking is unknown in the aliphatic series, so 
that it must be the cause of the properties peculiar to aromatic 
compounds, and lacked by those of the aliphatic group. Hence, 
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this structural formula not only accounts for the isomerism of the 
derivatives of benzene, but also explains the ‘‘aromatic ”’ character 
peculiar to them. 

289. Although in many respects the centric formula expresses the 
properties of the aromatic compounds, it is not wholly satisfactory. 
In this regard it resembles all the other numerous benzene-formulze 
which have been suggested. Fig. 73 represents the relative posi- 
tions in space of the carbon atoms in the centric formula. It indi- 
cates that the carbon atoms are closely united, and thus accounts 
for the stability of the benzene-ring. The near proximity, however, 
of the meta-hydrogen atoms and the para-hydrogen atoms shows 
that they, like the ortho-hydrogen atoms, should be replaceable by 
one bivalent element or group. A more important objection is that 
according to this formula benzene derivatives with two dissimilar 
substituents should exist in two configurations, whereas no example 
of such isomerism has been observed. Moreover, the analogous 
spacial formule for naphthalene and other condensed hydrocarbons 
are very: improbable. 


; ; CHaee - 2 
2 
CL) =f \e 
HC. eg 
iat 
3 
4 

Fig. 73.—SpaciaL Rep- Fig. 74.— Fia.75.—Spactat RePpRESENTA- 

RESENTATION OF VON KEKULf’s TION OF KEKULE’S BENZFNE- 

Baryer’s BENZENE- BENZENE- FORMULA. 

FORMULA. FORMULA. 


These objections do not apply to Kexuti’s formula (Fig. 74), 
which is represented in space in Fig. 75. For many years it was 
accepted as a correct expression of the constitution of benzene, but 
there are two important reasons against it. First, it represents the 
ortho-positions, such as 1:2 and 1:6, as dissimilar, one pair of car- 
bon atoms having between them a single, and the other pair a 
double, bond. Second, it contains three double bonds, whereas 
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benzene lacks all the properties characteristic of unsaturated 
compounds. 

To remove the first of these difficulties, KnkuLi suggested 
that the double bonds of the benzene-nucleus are very readily 
transposed: the second has been met by a special assumption re- 
garding the nature of the double bond. Turetx’s formula for 
benzene is given in Fig. 76. He has made a special study of sub- 


Pnceaebars st 


‘ 
re 
ve 


Fic. 76.—THIELE’s BENZENE-FORMULA. 


stances containing a conjugated linking (134), and has found that 
addition of two univalent atoms to such compounds often con- 
verts them into others with a double bond at the centre: 


C—C—C—C — CCC. 


To explain this phenomenon, he assumes that the whole of the 
affinity of each double bond is not satisfied, but that a part of 
each remains free, and unites between C-atoms 2 and 3, as indi- 
cated in the scheme 


The dotted lines denote partial valencies. There is a double bond 
between C-atoms 2 and 3, but it is znactive, since addition takes 
place only at 1 and 4. 

In accordance with this conception, KnKULK’s benzene-formula 
has three inactive double bonds, but lacks free partial valencies(Fig. 
76): it therefore explains the difference between the properties of 
benzene and those of other unsaturated compounds. 
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Nomenclature and Isomerism of the Benzene Derivatives. 


290. The different isomeric disubstitution-products are distin- 
guished by the prefixes ortho, meta, and para, or the positions of 
their substituents are denoted by numbers: 


G2 
Bers 
4 
1:2=1:6 substitution-products are called ortho-compounds. 
1:3=1:5 ae ie 77 7? meta-compounds. 
1 . 9) 2? 2? 9?) 


: para-compounds. 

The number of isomeric substitution-products is the same for 
two similar or dissimilar substituents, but not for three. When the 
three groups are similar, three isomerides exist: 


x x x 
= 
; 
xX x xX xX 
x 


Adjacent or Vicinal Symmetrical Unsymmetrical 
(eee) Os 1:3:4 

When one of the groups is dissimilar to the other two, different 
vicinal derivatives result by substitution at 2 and at 3 respectively, 
and, for the unsymmetrical compound, substitution at 3 produces a 
different compound from that resulting on exchange at 4. For 
four similar groups the same number (three) of isomerides is pos- 
sible as for two, since the two remaining hydrogen atoms can be in 
the ortho-position, meta-position, or para-position to one another. 
The number of isomerides possible in other cases can be readily 
determined. 

An alkyl-radical or other group linked to a benzene-residue, as 
in CgHs-CH3 or CgHs-CH2-CH2-CHsz, is called a stde-chain, the 
benzene-residue being called the nucleus. Substitution can take 
place both in the nucleus and in the side-chain: when in the former, 
it is usual to refer to the position of the substituent relative to those 
already present, the determination of which is called the determina- 
tion of position, or orientation, of the substituents. The methods of 
orientation are given in 398 to 403. 


PROPERTIES CHARACTERISTIC OF THE AROMATIC COM- 
POUNDS: SYNTHESES FROM ALIPHATIC COMPOUNDS. 


291. The saturated hydrocarbons of the aliphatic series are not 
attacked by concentrated nitric acid or sulphuric acid, and only to 
a small extent by oxidizing agents: their halogen-substituted 
derivatives react with great ease. The aromatic hydrocarbons 
differ from the aliphatic hydrocarbons in all these respects. 

1. The aromatic hydrocarbons are readily attacked by concen- 
trated nitric acid, with formation of nitre-compounds: 


CeH;-|H +HO]NO2g = CgHs-NO.+H20. 
Nitrobenzene 
These substances yield amino-derivatives on reduction, and are 
consequently true nitro-compounds. 
2. On treatment with concentrated sulphuric acid, the aromatic 
compounds yield sulphonic acids: 


CeHs (H+ HO| . SO3H = CeHs : SO3H +H,0. 


Benzenesulphonic acid 


The sulphur of the SOsH-group is linked to a carbon atom of the 
benzene-nucleus, since thiophenol, CgH;-SH, also yields benzene- 
sulphonic acid on oxidation: 


CeHs : SH — CeHs = SO3H. 


3. The aromatic hydrocarbons with side-chains are oxidized 
without difficulty to acids, the whole side-chain being usually oxi- 
dized to the carbon atom in union with the nucleus, with formation 
of carboxyl. 

4, Chlorobenzene and bromobenzene have their halogen atoms 
so firmly attached to the phenyl-group, CgHs, that they are almost, 
incapable of taking part in double decompositions with such com- 
pounds as metallic alixoxides, salts, and so on. 

382 
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292. Two syntheses of aromatic from aliphatic compounds are 
cited here: other examples are given in the chapter on hydro- 
cyclic derivatives (407-411). 

1. When the vapours of volatile aliphatic compounds are 
passed through a red-hot tube, aromatic substances are among 
the products. The condensation of acetylene, CoHo, to benzene is 
a typical example, although passage through a red-hot tube 
transforms benzene-vapour into acetylene, proving that both 
reactions are incomplete. A synthesis of benzene from carbon 
monoxide is described in 355. 

2. On treatment with sulphuric acid, acetone is converted into 
mesitylene, or 1:3:5-trimethylbenzene (295): 


3C3HgO—3H20 = CoH jp. 


Other ketones condense similarly to aromatic hydrocarbons. 


BENZENE AND THE AROMATIC HYDROCARBONS WITH 
SATURATED SIDE-CHAINS. 


Gas-manufacture and its By-products: Tar. 


293. The aromatic hydrocarbons are employed in large quanti- 
ties in the manufacture of coal-tar colours, and are obtained from 
coal-tar, a by-product in the manufacture of gas. A short descrip- 
tion of this process will not be out of place, since it also yields other 
products of importance in the organic chemical industry. 

Coal is gradually heated in iron retorts of Q-shaped cross- 
section, and is finally raised to a red heat: the gases and vapours 
are removed as completely as possible by means of exhaust- 
pumps. Coke remains in the retorts, and is employed as fuel 
and in many metallurgical processes, although for the latter pur- 
pose the coke has usually to be prepared by special means. 

The distillate contains three main products. 1. Gases (illumi- 
nating-gas). 2. An aqueous liquid, containing ammonia and other 
basic substances, such as pyridine bases. 3. Tar. These products 
are separated from one another as completely as possible by a series 
of treatments. The crude gas is passed over iron-ore and lime, to 
remove the cyanogen derivatives and sulphur compounds. The 
former purifying material is employed subsequently for the prepara- 
tion of potassium ferrocyanide (263), an important source of the 
cyanogen compounds. 

-Tar is a thick, black liquid with a characteristic odour. Its 
colour is due to suspended particles of carbon. It is a complicated 
mixture of neutral, acidic, and basic substances. The first are 
principally hydrocarbons, chiefly belonging to the aromatic series. 
About 5-10 per cent. of the tar consists of naphthalene, and 1-1-5 
per cent. of a mixture of benzene and toluene. Phenol (304) is the 

384 


§ 294] COAL-TAR. 385 


principal acidic constituent of tar. Basic substances are present 
only in small proportion: the chief are pyridine, quinoline, and 
their homologues. 

In the arts, the separation of the tar-products is effected partly 
by chemical means, and partly by fractionation. The tar is first 
distilled, a considerable portion remaining in the retort as a black, 
somewhat brittle mass, known as pitch. From the distillate, the 
phenol, or carbolic acid, is removed by careful treatment with 
caustic alkali, and the basic substances by means of acid. The 
residue is distilled, four fractions being obtained. 


1. Light oil, distilling up to 170°. 

2. Carbolic oil, between 170° and 230°. 

3. Heavy oil, or creosote-oil, between 230° and 270°. 
4. Anthracene-oil, above 270°. 


The light oil contains benzene and its homologues, which can be 
separated by further fractionation. Only a limited number of the 
homologues of benzene are present in the light oil—principally 
toluene, or methylbenzene, and xylene, or dimethylbenzene. 


Methods of Formation. 


294. 1. Firria’s synthesis is carried out by treating bromo- 
benzene, or, in general, a hydrocarbon containing bromine in the 
nucleus, with an alkyl bromide or iodide and sodium (31): 


CeHs5/Br + BriC2Hs = CeH;—C.H; +2NaBr. 
+|Na Na Ethylbenzene 


A series of by-products is sometimes obtained, among them par- 
affins and diphenyl, C,H;-CsH;. The yield of alkylbenzene is, 
however, very good when the higher normal primary alkyl iodides 
are employed. 


2. FrIepeL and Crarts’s synthesis is peculiar to the aromatic 
series, and depends upon a remarkable property of aluminium 
chloride. This substance is obtained by the action of dry hydro- 
chloric-acid gas on aluminium-foil. On bringing it into contact 
with a mixture of an aromatic hydrocarbon and an alkyl chloride, 
clouds of hydrochloric acid are evolved, and hydrogen of the nucleus 
is exchanged for the alkyl-group: 


CsH;-(H-+Cl|CH, = CeHs-CH, + HCI. 
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Tn the synthesis of Frreprr and Crarts more than one alkyl- 
group is generally introduced, the monosubstitution-products and 
the higher substitution-products being simultaneously formed: the 
mixture is separated by fractional distillation. 5 

This reaction constitutes a method both for the building-up and 
breaking-down of a hydrocarbon. When toluene, Cy,H;-CHs, is 
treated with aluminium chloride, benzene, CsHs, and xylene, 
C.H,(CHs)s, are formed. The alkyl-groups of one hydrocarbon are 
exchanged for the hydrogen of the other. The reaction can also be 
effected by the action of concentrated sulphuric acid upon aromatic 
hydrocarbons with a number of side-chains. 


3. Like the saturated aliphatic hydrocarbons, the aromatic 
hydrocarbons are got by the distillation of the calcium salts of the 
aromatic acids with soda-lime: 


CeHs- COsgca* +caO H= CeHe +CaCQz3. 
L 


4. Benzene and its homologues can be obtained by heating the 
sulphonic acids with sulphuric acid or hydrochloric acid, the decom- 
position being facilitated by the introduction of superheated steam: 


CgH3(CH3)2/SO3H +HO|H = CgH4(CH3)2 + H2SO4. 


This method can be employed in the separation of the aromatic 
hydrocarbons from the paraffins. When warmed with concentrated 
sulphuric acid, the former are converted into sulphonic acids, soluble 
in water: the paraffins are unacted upon and are insoluble in water. 
A mechanical separation is thus possible. 

This method can also be applied to the separation of the aromatic 
hydrocarbons from one another, since some of them are more readily 
converted into sulphonic acids than others. 


5. By heating an alcohol, an aromatic hydrocarbon, and zine 
chloride at 270°-800°. The zine chloride acts as a dehydrating 
agent: 


CeHs -Cs5Hi, = CeHs—C5Hj; +H20. 


*ca = 4Ca. 
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Physical Properties. 


295. Benzene and the aromatic hydrocarbons with saturated 
side-chains are colourless, highly refractive substances, liquid at 
ordinary temperatures, and possessing a characteristic odour. 
They are immiscible with water, but mix in all proportions with 
strong alcohol. Some of their physical properties are indicated in 
the table. 


Name. Formula. Boiling- Specific 


point. Gravity. 

Benscis etn Oech C,H, 80-4° | 0-874 (20°) 
MOWIETI zs yreste tcisien nies sree Dette Ce 110° 0-869 (16°) 
MEK Wleip be She eer @Acay 139° | 0-881 (0°) 
Mesityleneserctarcrascces ene of reese C,H3(CHs)3 (1:3:5) | 164° 0-865 (14°) 
Hithy benzene. sites ore «ie «H;:C,H, 136° 0-883 (0°) 
isoPropylbenzene (Cumene)....| C,H,-CH(CHs), ~ | 153° 0-866 (16°) 
p-Methylisopropylbenzene CH3 1 d 

(Cymene) f °°-| CHL <Gutonry, 4 | 175° | 0-856 (20°) 


Individual Members. 


296. Benzene was discovered by Farapay, in 1825, in a liquid 
obtained from compressed coal-gas. It melts at 5-4°. 


The molecular weights of alcohols, phenols, and aliphatic acids 
determined by the cryoscopic method, with benzene as solvent, are 
sometimes twice as great as the accepted values, whereas normal 
results are obtained for other substances not containing a hydroxyl- 
group. 

The formation of double and multiple molecules in solution de- 
pends in large measure upon the nature of the solvent. In addition 
to benzene, other hydrocarbons, acetic acid, and formic acid induce 
the formation of complex molecules. The results obtained with such 
solvents by the cryoscopic.method for the determination of molecular 
weights are unreliable (89). 


Xylene, or dimethylbenzene, exists in three isomeric forms: 
m-zylene is the principal constituent of the xylene in tar, forming 
70-85 per cent. of the whole. 


The isomeric xylenes are separable with difficulty: their boiling- 
points lie very close together, that of o-xylene being 142°, while 
m-xylene and p-xylene boil at 139° and 138° respectively. This 
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makes their separation by fractional distillation impracticable, but 
it can be effected by treating them with sulphuric acid at ordinary 
temperatures: m-xylene and o-xylene go into solution as sulphonic 
acids, while p-xylene remains undissolved. The sulphonic acid of 
the meta-compound and that of the ortho-compound can be separated 
by fractional crystallization of their sodium salts, the ortho-salt crys- 
tallizing first. 


Cymene, CioH4, is closely related to the terpenes Cj 9Hyg¢, and 
to the camphors C,H 0, since it can be obtained from them. 
Cymene is a constituent of certain essential oils, such as o7l of carra- 
way, oil of thyme, and oil of eucalyptus. 


MONOSUBSTITUTION-PRODUCTS OF THE AROMATIC 
HYDROCARBONS. 


I. MONOSULPHONIC ACIDS. 


297. The formation of these compounds is described in 291: 
they are produced by the action of concentrated sulphuric acid upon 
aromatic compounds. In separating them from the excess of 
sulphuric acid, advantage is taken of the ready solubility of their 
calcium and barium salts in water: the process is similar to the 
separation of ethyl hydrogen sulphate from sulphuric acid (60). 
They can also be separated from their concentrated solutions con- 
taining sulphuric acid by the addition of common salt until no more 
will dissolve, when the sodium salt of the sulphonic acid precipitates 
in the solid state. This salt is dissolved in water, the equivalent 
quantity of mineral acid added, and the free sulphonic acid isolated 
by repeated extraction with ether. 

The sulphonic acids are colourless, crystalline substances, 
generally hygroscopic, and freely soluble in water. They can be 
reconverted into the aromatic hydrocarbons by treatment at a 
high temperature with hydrochloric acid, or with superheated 
steam (294, 4). 

Most of the sulphonates crystallize well, and are employed in 
the purification of the sulphonic acids. On treatment with 
phosphorus pentachloride, the latter are converted into chlorides: 


CeHs 5 SO2 -OH > CeHs Y SO2 -Cl. 


The sulphonyl chlorides are very stable towards cold water, being 
but slowly reconverted into sulphonic acids. 

The sulphonamides are formed by the action of ammonium 
carbonate on the chlorides: 


CegH5-SO-2Cl wand CgHs-SO2:NHo. a 
38e 
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They are well-crystallized compounds: the determination of their 
melting-points is often employed for the identification of an 
aromatic hydrocarbon. On account of the strongly negative 
character of the group CgH;SO2—, the hydrogen atoms of the 
NH,-group are replaceable by metals; hence the sulphonamides 
are soluble in alkalis. 

On prolonged reduction, the sulphonic acids yield thiophenols, 
such as CgH;-SH, which can be reconverted by oxidation into the 
sulphonic acids (291, 2). 


p) 


II. MONOHALOGEN COMPOUNDS. 


298. Benzene does not yield isomeric monohalogen derivatives, 
a proof that its hydrogen atoms are of equal value (288). Toluene, 
CgH;-CHs, yields 0-, m-, and p-halogen derivatives, as well as com- 
pounds containing halogen in the side-chain. The hydrogen atoms 
of the side-chain are not equal in value to those attached to the 
nucleus, so that compounds with halogen in the side-chain should 
be different from those having halogen in the nucleus: experiment 
bears this out. The chlorine atom in monochlorobenzene can only 
be made to react with great difficulty. Monochlorobenzene can be 
boiled with alkali, with potassium hydrogen sulphide, with potas- 
sium cyanide, or can be heated with ammonia, without substitution 
of the halogen atom, which is only effected by a powerful reagent— 
sodium methoxide—at 220°. These facts prove that the halogen 
atom has different characteristics when in union with the nucleus 
and when a constituent of aliphatic halogen derivatives. Frrria’s 
synthesis (294, 1) is one of the few examples of its entering into 
reaction. 


Magnesium reacts similarly with ethereal solutions of bromo- 
benzene and alkyl halides (82). With the former a compound 
C.H;-Mg- Br is obtained in solution: it can be employed in the syn- 
thesis of tertiary alcohols containing the group C,H,, as described 
in SFI. 


The behaviour of benzyl chloride, C7H7Cl, obtained by the action 
of chlorine upon boiling toluene, is in marked contrast to that of 
monochlorobenzene. It reacts as readily with the alkalis, ammonia, 
potassium cyanide, and silver salts, as do the aliphatic halogen 
derivatives: its halogen atom is not attached to the nucleus, but 
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is in the side-chain. Its formula is CsH;-CH,Cl, since, on oxida- 
tion, it yields benzoic acid, CsHs-COOH, containing no chlorine. 
The formula CgH;-CH Cl explains the similarity in character of its 
halogen atom to that in an aliphatic halide, for it indicates that 
benzyl chloride may be looked upon as methyl chloride with one 
hydrogen atom replaced by a phenyl-group. 

There is also a difference in the external properties of these 
two classes of halogen derivatives: the compounds with halogen 
attached to the nucleus have a faint, agreeable odour, while those 
with halogen in the side-chain have usually a very pungent odour. 

The marked difference between isomerides obtained by substitu- 
tion respectively in the nucleus and in thesside-chain, just described 
for the halogen substitution-products, is also characteristic of other 
derivatives of the aromatic hydrocarbons. The first have a special 
character, and the second a general resemblance to the aliphatic 
compounds. 


Methods of Formation. 


299. Chlorine and bromine can be introduced directly into the 
aromatic hydrocarbons. Substitution by iodine is only effected in 
presence of an oxidizing agent, such as iodie acid, to remove the 
hydriodic acid formed: its introduction is more usually accom- 
plished by an indirect method. The experimental conditions deter- 
mine whether the substituent enters the nucleus or the side-chain. 

1. Temperature —At low temperatures, halogens substitute in 
the nucleus, and at high temperatures, in the side-chain: thus, on 
treatment with chlorine, cold toluene yields o-chlorotoluene and 
p-chlorotoluene; when, however, chlorine or bromine is brought into 
contact with boiling toluene (110°), benzyl chloride, CsH5-CH2Cl, or 
benzyl bromide, CgH5-CH2Br, is almost exclusively formed. 

2. Halogen-carriers.—The presence of halogen-carriers, such as 
aluminium chloride or ferric chloride, results in the introduction 
of chlorine into the nucleus, even at elevated temperatures. 

3. Sunlight.—At ordinary temperatures, and even at 0°, chlorine 
or bromine substitutes exclusively in the side-chain, if the reaction- 
mixture be exposed to direct sunlight: thus, in the absence of 
light, ethylbenzene is not attacked by bromine at low temperatures, 
but in direct sunlight is rapidly converted into CgH;-CHBr-CHa. 
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Individual Members. 


300. Monochlorobenzene is a colourless liquid: it boils without 
decomposition at 132°, and has a specific gravity of 1-106 at 20°. 
Monobromobenzene, B.P. 157°, sp. gr. 1-491 at 20°. Monotodo- 
benzene, B.P. 188°, sp. gr. 1-861 at 0°. 

Benzyl chloride is a colourless liquid of stupefying odour, inten- 
sified by warming: it boils at 178°, and has a specific gravity of 
1-113 at 15°. Benzyl vodide is prepared by heating benzy! chloride 
with potassium iodide: it melts at 24°, and decomposes when 
boiled. It has a powerful and unbearably irritating odour, pro- 
ductive of tears. 


Todobenzene, and other iodine compounds substituted in the 
nucleus, can add on two atoms of chlorine, with formation of sub- 
stances such as phenyliodide chloride or iodobenzene dichloride, 
C,H;-ICl,, When digested with alkalis, these derivatives give 
iodoso-compounds, such as iodosobenzene, CsH;-10, which are amior- 
phous, yellowish solids. When heated, or oxidized with bleaching- 
powder, these compounds yield zodoxy-compounds (German, Jodover- 
bindungen), 

2C,H;:10 = CsH,:1+C,H;-10,. 
Todoxybenzene $ 
Iodoxybenzene is crystalline, and explodes when heated. 

The constitution of these compounds is inferred from their ready 
conversion into iodobenzene, effected for iodosobenzene by means 
of potassium iodide, and for iodoxybenzene by hydrogen dioxide, 
with evolution of oxygen. These substances would not be so readily 
converted into 1odobenzene if the oxygen were attached to the 
benzene-nucleus. 


II]. MONOHYDRIC PHENOLS AND AROMATIC ALCOHOLS. 


301. The hydroxyl-compounds of the aromatic hydrocarbons 
display the same characteristic difference, caused by the attachment 
of the substituent to the nucleus or to the side-chain, as the halogen 
derivatives (298). The OH-group in phenol, CgH;-OH, is linked 
to the nucleus, and possesses a character unknown in the fatty 
series. A compound such as benzyl alcohol, CgH53-CH2OH, the con- 
stitution of which follows from its oxidation to benzoic acid. 
CsH;-COOH, displays most of the properties characteristic of the 
aliphatic alcohols. 
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A. PHENOLS. 


302. Phenol and some of its homologues, such as cresol and 
others, are found in coal-tar. During its fractional distillation they 
are accumulated in the carbolic oil and creosote-oil (293). They are 
isolated by agitating these fractions with caustic alkali, which dis- 
solves the phenols, leaving the hydrocarbons. They are liberated 
from the solution with sulphuric acid, and are then separated by 
fractional distillation. By far the larger proportion of the phenol 
of commerce is obtained from this source. 

Phenol and its homologues can also be obtained by other 
methods. 

1. By fusion of the salt of a sulphonic acid with alkali: 


CeHs- SOz3K +2KOH = CeH;- OK + KoSO3 +H,0. 


2. By the action of nitrous acid on aromatic amines, a method 
analogous to the preparation of alcohols of the aliphatic series 
from amines (72). But whereas on treating an aliphatic amine with 
nitrous acid the alcohol is produced directly, in this reaction very 
important intermediate products, the diazonium compounds (339), 
can be isolated. 

3. By the action of oxygen upon benzene in presence of 
aluminium chloride, phenol is formed. . 


Properties of the Phenols. 


303. The phenols are in some respects comparable with the 
tertiary alcohols, since in both the hydroxy] is linked to a carbon 
atom in direct union with three others, although in the phenols one 
of these bonds is of a special kind. Like the tertiary alcohols, 
therefore, they cannot be oxidized to aldehydes, ketones, or acids 
containing the same number of C-atoms. The phenols exhibit 
many of the characteristics of the aliphatic alcohols: they form 
ethers by the interaction of alkyl halides and their alkali-metal 
salts; they produce esters, forming, for example, acetates with 
acetyl chloride. Phosphorus pentachloride causes the exchange of 
Cl for their OH, although not so readily as in the aliphatic series. 
But in addition to these properties, the phenols possess special 
characteristics due to their much stronger acidic character. When 
describing the separation of phenols from carbolic oil (293), it was 
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mentioned that they dissolve in caustic alkalis: phenoxides, such as 
CsH;-ONa, are formed. ‘The alcohols of the aliphatic series do not 
possess this property in the same degree. If they are insoluble in 
water, they do not dissolve in caustic alkalis, and are only con- 
verted into metallic alkoxides by the action of the alkali-metals. 
This increase in acidic character can only be occasioned by the 
presence of the phenyl-group; in other words, the phenyl-group has 
a more negative character than an alkyl-group. Otherwise, the 
phenols behave as weak acids: their aqueous solutions are bad 
conductors of electricity, and the phenoxides are decomposed by 
carbonic acid. 

It is thus evident that the properties of the hydroxyl-group are 
considerably modified by union with the phenyl-group. Inversely, 
the influence of the hydroxyl-group on the benzene-nucleus is 
equally. marked: it makes the remaining hydrogen atoms much 
more readily substituted. Benzene is only slowly attacked by bro- 
mine at ordinary temperatures, but the addition of bremine-water to 
an aqueous solution of phenol at once precipitates 2:4:6-tribromo- 
phenol—a reaction employed in its quantitative estimation. The 
conversion of benzene into nitrobenzene necessitates the use of con- 
centrated nitric acid, but phenol yields nitrophenol on treatment 
with the dilute acid. Phenols are also much more readily oxidized 
than the aromatic hydrocarbons. 

On distillation with zine-dust, the phenols are reduced to the 
ecrresponding hydrocarbons. They can be detected by the formas 
tion of a violet coloration when ferric chloride is added to their 
aqueous solutions. 


Individual Members. 


304. Phenol, or carbolic acid, is a colourless substance, crystal- 
lizing in long needles. It melts at 39-6°, and boils without decom- 
position at 181°. It has a characteristic odour, and strong antiseptic 
properties. It was formerly largely employed in surgery, but to 
a great extent its place has been taken by mercuric chloride. Phenol 
is soluble in water, 1 part dissolving in 15 at 16°: it can also dis- 
solve water. On account of the small molecular weight of water, 
and the high molecular depression of phenol (75), a small percentage 
of water renders phenol liquid at ordinary temperatures (14). It 
follows from the equation AM=75, in which M is the molecular 
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weight of water (18), that A, the lowering of the freezing-point 
occasioned by the presence of 1 per cent. of water, is about 4-2°. 
The hydroxytoluenes, CH3-CgH4-OH, are called cresols: they 
are present in coal-tar, but are usually prepared from the corre- 
sponding amino-compounds or sulphonic acids. On oxidation, they 
are completely decomposed, but when the hydrogen of the hydroxyl- 
group is replaced by alkyl or acetyl, they can, like toluene itself, 
be oxidized to the corresponding acids. The cresols resemble 
phenol in their behaviour towards bromine-water. p-Cresol, 


<a Nou, is a decomposition-product of albumin. 


Thymol is also used as an antiseptic. It is hydroxycymene, 


CH, 1 
C;H;ZOH 3, 
CH(CHs)» 4 


Acid sulphuric esters of phenol are present in urine: they result 
from the fermentation (putrefaction) of proteins, since the propor- 
tion present depends upon the extent of this process. 


B. AROMATIC ALCOHOLS. 


305. Benzyl alcohol, CgsH5-CH,OH, is the typical aromatic 
alcohol: it possesses nearly all the properties of an aliphatic 
alcohol. It can be obtained by treatment of benzyl chloride 
with potassium acetate, and saponification of the ester of acetic 
acid thus formed. It can also be prepared by electro-reduction 
of benzoic acid in sulphuric-acid solution with lead cathodes. It 
reacts readily with phosphorus pentachloride, yielding benzyl 
chloride, and forms esters, ethers, etc.: being a primary alco- 
hol, it can be oxidized to the corresponding aldehyde, benzal- 
dehyde (335), and also to benzoic acid (331). It differs from 
the aliphatic alcohols in its behaviour towards sulphuric acid, which 
causes resinification, instead of the formation of the corresponding 
sulphuric ester. Benzy! alcohol possesses no phenolic properties: it 
is insoluble in alkalis, and does not yield the characteristic phenol 
coloration with ferric chloride. 

Benzy] alcohol is a liquid which dissolves with difficulty in water: 
it boils at 206°, and possesses only a faint odour. 
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IV. SULPHUR DERIVATIVES. 


306. Thiophenol, C,5H;-SH, boils at 172-5°. It can be obtained 
by heating phenol with phosphorus pentasulphide, P.S;, or by 
reduction of the chloride of benzenesulphonic acid. It has all the 
properties of the mercaptans, particularly the power of forming salts. 
Like the most volatile sulphur compounds, it has a disagreeable odour. 

Sulphur compounds similar to those described in the aliphatic 
series (67 and 68) are also known in the aromatic series; such are 
thioethers, sulphones, and sulphinic acids. 


Vv. ETHERS. 


307. A distinction is drawn between the aromatic-aliphatic 
ethers, such as anisole, CgH;-O-CH3, and the true aromatic ethers, 
like phenyl ether, CsH;-O-CgH;. Compounds of the first class are 
formed by the interaction of alkyl halides and phenoxides (303): 


CeHs -O- [Na +I CoH; = CgHs5-O ‘CoH; +Nal. 


The true aromatic ethers cannot be prepared by this method, 
since the halogen atom attached to the nucleus is exchanged only 
with difficulty (298). Phenyl ether is obtained by heating phenol 
with a dehydrating agent, such as chloride of zinc or of aluminium: 


CegHs- (OH + +H/O-CgHs = CgHs-O-CgHs +H.0. 


The mixed aromatic-aliphatic ethers are stable compounds, and 
resemble the true aliphatic ethers closely in behaviour. Many of 
their reactions are similar to those of the aromatic hydrocarbons 
themselves. When heated to a high temperature with a hydrogen 
halide, they yield a phenol and an alkyl halide (64): 


C,H. 0: CH; (HI 6.H,.OH - Chel 


Anisole 


The true aromatic ethers, such as phenyl ether, are not decomposed 
by hydriodic acid, even at 250°. 

Anisole, CgH5-O-CHs, is a liquid, and boils at 155°. Phenetole, 
CeHs-O-CeHs, is also a liquid, and boils at 172°. Each has a charac-= 
teristic odour. 
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VI. MONONITRO-DERIVATIVES. 


308. A point of characteristic difference between the aromatic 
and aliphatic compounds is that the former are very readily con- 
verted into nitro-derivatives by the action of concentrated nitric 
acid (291, 1). This is the only method employed in practice for 
the preparation of aromatic nitro-compounds. The substance is 
treated with a mixture of nitric acid and sulphuric acid: 


CeHs -(H +HO % NO, == CeHs - NOs +H,0. 


If the sulphuric acid were not present, the water formed in the 
nitration would dilute the nitric acid and retard the action. In- 
crease in the number of alkyl-groups attached to the benzene- 
nucleus is often accompanied by a corresponding increase in the 
ease with which nitration is effected. 


Properties. 


309. The mononitro-compounds are very stable, and can be 
distilled without decomposition: their nitro-groups are very firmly 
attached to the nucleus. Unlike the primary and secondary nitro- 
compounds of the aliphatic series, the aromatic nitro-derivatives 
do not contain hydrogen replaceable by metals, since their nitro- 
group is linked to a tertiary carbon atom: such an exchange is 
therefore impossible (76). On reduction, the nitro-compounds 
yield amines, and the reaction can be modified so as to isolate various 
intermediate products (321-327). 

Most of the nitro-compounds have a pale-yellow colour and an 
agreeable odour: they are usually liquids heavier than water, in 
which they are insoluble. They are volatile with steam. 


Individual Members. 


310. Nitrobenzene is manufactured in large quantities in the 
aniline-dye industry. Cast-iron vessels fitted with a stirring 
apparatus, and kept cool by water, are employed. They are 
charged with benzene, and into this a mixtur> of nitric acid and 
sulphuric acid is allowed to flow. At the end of the reaction, the 
nitrobenzene floating on the surface of the sulphuric acid, which 
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contains only small quantities of nitric acid, is washed with water, 
and purified by distillation with steam. 

Nitrobenzene is a yellowish liquid: it has an odour resembling 
that of bitter almonds, and for this reason is employed in perfumery. 
Its boiling-point is 208°, its melting-point 5-5°, and its specific grav- 
ity 1-1987 at 25°. Its preparation on the large scale is carried out 
in order to obtain aniline by its reduction (313 and 326). 

Nitrotoluenes— When toluene is nitrated, the chief products are 
the ortho-compound and para-compound: the meta-compound is 
only formed in traces. The relative proportion of the two isomer- 
ides produced depends upon the method of nitration. Para- 


nitrotoluene, CHa NG? 2 is selid, melting at 51°, and can be 


obtained pure by cooling the liquid mixture of the isomerides. 
The para-compound can be removed from the liquid residue by 
fractional distillation, only a small percentage of it remaining in 
the principal fraction: pure o-nitrotolwene can then be isolated 
from it by artificial cooling. 


Phenylnitromethane and the Pseudo-acids. 


311. Phenylnitromethane, C,H;-CH,NO,, is an aromatic com- 
pound with a nitro-group in the side-chain, as is evident from its 
formation by the action of benzyl chloride or iodide on silver nitrite: 


C.H;-CH,|Cl+Ag|NO, = C,H;-CH,NO, + AgCl. 


It can be reduced to benzylamine, which proves it to be a true nitro- 
compound. Phenylnitromethane, and its derivatives with substitu- 
ents attached to the nucleus, exist in two modifications which are 
readily transformed into each other. Phenylnitromethane is a 
liquid: its aqueous solution does not react with ferric chloride. 
After it has been converted into its sodium derivative by the action 
of sodium alkoxide, addition of excess of a strong mineral acid causes 
the separation of a crystalline substance of the same composition as 
phenylnitromethane: the aqueous solution of this compound gives a 
coloration with ferric chloride. On standing for some hours, these 
crystals are completely reconverted into the ordinary liquid phenyl- 
nitromethane. It is very probable that the sodium compound and 
the unstable modification corresponding to it have the constitutions 


C,H;-CH:NO-ONa, and C,H;-CH:NO-OH. 
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The presence of a hydroxyl-group is proved by the formation of 
dibenzhydroxamic acid on treatment with benzoyl chloride: 


O O 
C,H;-CH: NC +Cl0C-C,H; > C,H;-CH NC LA 
ONa 0-0C-C,H; 
Sodiophenyliso- 
nitromethane 


— C,H; -CO—N—O-OC-C,Hs. 
H 


Dibenzhydroxamie acid 
Another proof of the presence of a hydroxyl-group is that ‘sonitro- 
compounds, unlike ordinary nitro-compounds, react vigorously with 
pheny] isocyanate (319) at low temperatures. 

From these facts it may be inferred that when phenylnitro- 
methane, C,H;-CH,NOz, is converted into a salt, it first changes to 
an isomeric modification. Inversely, when it is liberated from its 
sodium compound, the iso-modification is first produced, and slowly 
changes to the ordinary form. 

The dilute aqueous solution of m-nitrophenylnitromethane affords 
a striking example of this phenomenon. This compound is colour- 
less, but its sodium salt has a deep-yellow colour. On the addition 
of an equivalent quantity of hydrochloric acid to its deeply-tinted 
solution, the yellow colour disappears somewhat slowly, indicating 
the conversion of the 7so-compound into its normal isomeride. 

The discharge of the colour is attended by another phenomenon: 
the electric conductivity of the liquid is considerably greater imme- 
diately after the addition of the hydrochloric acid than it is several 
minutes later, when the colour has nearly vanished. The explana- 
tion of this is that the zso-form is a true acid, and is therefore a 
conductor in aqueous solution, while the solution of the normal modi- 
fication is anon-conductor, and therefore possesses no acidic character. 

Compounds which change to an aci-modification on formation of 
metallic derivatives are called pseudo-acids. In addition to phenyl- 
nitromethane and its ring-substituted derivatives, other pseudo-acids 
are known, most of which were prepared by Hanrzscu. 

Besides the properties indicated above, the pseudo-acids possess 
others by which they may be detected. It has just been stated that 
the addition of a strong acid to a pseudo-acid salt liberates the 
pseudo-acid, which is slowly converted into the normal modification. 
Inversely, the addition of an equivalent quantity of caustic alkali to 
the normal modification results in its gradual neutralization. This 
“slow neutralization”’ is a characteristic of the pseudo-acids. 

Another of the characteristics by which they may be recognized 
is illustrated by dinitroethane, which, after being liberated from its 
sodium salt in accordance with the equation 
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NO, i 
HCL = CH3-C¢ +NaCl, 
\NO-OH 


aci-Dinitroethane 


: NO, 
CH;-C< 
* \NO-ONa 
: : ; ; NO, 
is so rapidly converted into the normal compound, CH;-CH <NO,’ 
that a change in the electric conductivity of the solution can scarcely 
be observed even at 0°. The neutral reaction of the alkali-metal 
derivatives of the non-conducting or weakly-conducting hydrogen 
compound nevertheless indicates the existence of a pseudo-acid. An 
acid which is so weak that its solution is a bad conductor of elec- 
tricity yields alkali-metal salts which undergo strong hydrolytic 
dissociation, and therefore have a strongly alkaline reaction 
(“Inorganic Chemistry,” 66). Such a substance as sodiodinitroe- 
thane forms a non-alkaline solution, and must therefore be derived 
from an acid other than dinitroethane, since this substance has a 
neutral reaction and is a non-conductor in aqueous solution. 
Among-the other methods of detecting pseudo-acids is the non- 
formation of an addition-product with ammonia. A true acid, when 
dissolved in benzene or another hydrocarbon, combines instantane- 
ously with dry ammonia to form an insoluble ammonium salt. A 
pseudo-acid, on the contrary, either does not add on NHs, or only 
slowly, being in the latter case first converted into a true acid. 
Another test for pseudo-acids is afforded by the fact that the 
electric conductivity of pyridine-solutions of many of them is 
much greater than that of aqueous solutions containing like pro- 
portions of the true acids. 


VII. MONOAMINO-COMPOUNDS. 


312. The amino-compounds of the aromatic series, with the 
NH_2-group attached to the ring, are almost exclusively obtained by 
reduction of the corresponding nitro-compounds. ‘This is effected 
by the action of tin and hydrochloric acid, iron-filings and acetic 
acid or hydrochloric acid, or by other reagents. On the manufac- 
turing scale it is usual to employ iron-filings and hydrochloric acid. 

Amines can be obtained from phenols by heating thom at 300° 
with ammonium zine chloride. 

The aromatic amines are colourless liquids of high boiling-point, 
or solids, and have a characteristic odour. With water, the aliphatic 
amines form stronger bases than ammonia, but the aqueous 
solutions of the aromatic amines possess only weakly basic proper- 
ties: thus, they do not turn red litmus blue, and scarcely conduct 
an electric current. The aromatic amines yield salts, however, 
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although these have an acid reaction in solution, on account of 
partial hydrolysis. The negative character of the phenyl-group, 
already alluded to in connection with phenol (303), considerably 
modifies the nature of the amino-group: the difference in the 
behaviour of diphenylamine and of triphenylamine in particular 
betrays this influence. With strong acids the former can yield salts, 
which, however, are completely hydrolyzed by the addition of a 
considerable quantity of water; the second does not unite with acids. 

Substitution of the amino-group for hydrogen produces the same 
effect upon the benzene-nucleus as substitution of the hydroxyl- 
group for hydrogen, making the rest of the hydrogen atoms of 
the nucleus much more easily replaced: thus, aniline is readily 
converted by bromine-water into 2:4:6-tribromoaniline. More- 
over, the amines are much more readily oxidized than the hydro- 
carbons. 

By means of an alkyl halide, the hydrogen atoms in the amino- 
group of the primary aromatic amines, like those in the amino- 
group of the primary aliphatic amines, can be replaced by an alkyl- 
group: 

CgH;-NH2+CH3I = CgH;-NH(CH3)-HI. 


Secondary and tertiary bases and also quaternary ammonium 
bases, such as CgH;-N(CH3)3-OH, are known. The last are as 
strongly basic as the corresponding true alinhatic compounds. 

The anilides are derivatives of aniline, CgH;-NHg, and its homo- 
logues: they are acid amides, in which one amino-hydrogen atom has 
been replaced by a phenyl-group. Acetuanilide, CgHs-NH-COCHs, 
employed as a febrifuge under the name “‘antifebrine,” is a type of 
these compounds. The anilides are produced by boiling aniline 
with the corresponding acid. Acetoanilide is obtained by heating 
aniline with glacial acetic acid: 


CsHs-NH[H-+HOJ|OC-CH; = CsH;-NH-COCH; +H,0. 


MENSCHUTKIN found that the velocity of formation of acetoanilide 
is much less for an excess of aniline than for an excess of glacial 
acetic acid, although on theoretical grounds the velocity of forma- 
tion should be the same in both cases; for at each moment it should 
be proportional to the product of the concentrations of the glacial 
acetic acid (c) and of the aniline (c’), being therefore expressed by 

S=—Kcc’, 
in which k is constant. 
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The difference between theory and experiment admits of various 
explanations: one is that the reaction in the two cases takes place 
in different media. The important influence of the medium is 
mentioned in 73. 


Aldehydes react with aromatic amines with elimination of water: 


HIHNC,.Hs _ NHC,Hs 
H2C\0 + BANG oH, ~ H2°<NHc.H, 7 120: 
Formaldehyde Methylenediphenyldiamine 


Primary aromatic amines show the carbylamine-reaction: with 
nitrous acid they yield diazonium compounds (339). 


Aniline. 


313. Aniline was first obtained by the dry distillation of indigo 
(Spanish, anil); hence its name. It is manufactured by the action 
of hydrochloric acid and iron-filings on nitrobenzene contained in 
a cast-iron cylinder fitted with a stirring apparatus: 


CeHsNO2 +3Fe +6HCl == CeHsNHe 4+ 2H2O +3FeCly. 


It is remarkable that in this process only about one-fortieth of the 
hydrochloric acid required by the equation is needed for the reduc- 
tion. This is probably because iron-filings and water are able to 
effect the reduction in presence of ferrous chloride.. Lime is added 
as soon as the reduction is complete, and the aniline is distilled with 
steam. 

Aniline is also obtained by the electro-reduction of nitrobenzene 
(326). 

Aniline is a colourless liquid, and, unless perfectly pure, turns 
brown in the air, the colour-change being probably due to the pres- 
ence of traces of sulphur compounds. It is only slightly soluble in 
water: it boils at 183°, and has a specific gravity of 1-024 at 16°. 
Formaldehyde yields with aniline a remarkable condensation- 
product, anhydroformaldehydeaniline, (CgsH3;N=CHg)3. This sub- 
stance melts at 40°, and dissolves with difficulty. It is employed in 
the identification of both formaldehyde and aniline (117). Aniline 
can be reconverted into nitrobenzene by certain oxidizing agents: 
various intermediate products, such as nitrosobenzene, CeH;-NO, 
are formed. Aniline somewhat readily undergoes oxidation: the 
compounds thus produced are described in 321-324. 
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An aqueous solution of free aniline gives a deep-violet colora- 
tion with bleaching-powder solution, the primary product in the 
reactions being probably phenylchloroamine, CgsH53-NHCl. An 
aniline salt in acid solution is coloured dark-green to black by 
potassium dichromate. These two reactions, and that with wood 
(227), serve as tests for aniline. The bleaching-powder reaction 
is particularly delicate. 


Aniline is very sensitive towards oxidizing agents, the final 
product being nitrobenzene. Intermediate between these two sub- 
stances is formed a series of derivatives, which are also obtained in 
the inverse order by the reduction of nitrobenzene (321-327): 


C,H,-NH, > C,H,-NHOH — C,H,-NO > C,H,-NO,; 


Phenylhydroxylamine Nitrosobenzene 


| 
HO-C,H,-NH, cin CAELOF. 
p-Aminophenol Benzoquinone 
Since these oxidation-products react with each other and with 
aniline, yielding substances which undergo further oxidation, numer- 
ous, often very complex, derivatives are produced. 


Homologues of Aniline. 


314. Ortho-toluidine and para-toluidine, CH3-CgH4-NHa, are 
formed by the reduction of the correspondingnitro-compounds. The 
ortho-compound is a liquid, B.P. 199-4°; the para-compound is 
a solid, M.P. 42-5°. The different solubilities of their oxalic-acid 
salts afford a means of separating them. 


m-Toluidine can only be obtained indirectly. p-Toluidine is con- 
verted into its acetyl-derivative, CH,-C,H,-NHC,H;O, which on 
nitration yields 


The acetyl-group in this compound is split off by boiling with hydro- 
chloric acid, after which the amino-group is eliminated by the 
method described in 341, 3. On reduction, the m-nitrotoluene thus 
formed yields m-toluidine. 
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The monoamino-derivatives of the xylenes are called xyiidines. 
Six isomerides are possible, due to differences in the relative posi- 
tions of the methyl-groups and the amino-group in the ring. Some 
of the toluidines and the xylidines are employed in making coal- 
tar colours. and are, therefore, manufactured in large quantities. 


Secondary Amines. 


315. Diphenylamine, CeH5-NH-CgH;, melts at 54°, and boils 
at 310°. It isa type of the true secondary aromatic amines. They 
are formed by heating the hydrochlorides of the primary amines 
with the free amines: 


CsH;{NH2- HCl +H)HN -CsH; = NH,C1+HN(CeHs)o. 


Diphenylamine can also be obtained by the action of bromobenzene 
on potassium anilide, CgH;-NHK. 
Diphenylamine has an agreeable, floral odour. 


Diphenylamine is a very sensitive reagent for the detection of 
nitric acid, which produces a deep-blue colour with its solution in 
concentrated sulphuric acid. This reaction can only be applied to 
the detection of-nitric acid in the absence of other oxidizing sub- 
stances, such as bromine-water, permanganate, etc., since dipheny]- 
amine also gives a blue coloration with many of these reagents. 


The method of formation of the mixed aromatic-aliphatic 
amines, such as methylaniline, CgH3-NH-CHs, is indicated in 312. 
The action of the alkyl iodide upon aniline results in the substitu- 
tion of more than one hydrogen atom of the amino-group by an 
alkyl-group, so that a mixture of the unchanged primary and the 
secondary and tertiary amines is formed. The secondary amine is 
obtained pure by first replacing one hydrogen atom of the amino- 
group by an acid-radical, such as acetyl, and subsequently treating 
the acetyl-derivative with an alkyl iodide. 

To prepare such a compound as methylaniline, for example, 
aniline is first converted into acetoanilide, CgHs-NH-COCH3, by 
boiling with glacial acetic acid. The hydrogen atom linked to 
nitrogen in this compound can be replaced by sodium, yielding 
CgH5-NNa-COCHs, which on treatment with methyl iodide yields 
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methylacetoanilide, CeHs3-N(CH3).COCH3. Saponification with 
alkalis converts this compound into monomethylaniline. 

The secondary aromatic amines, like those of the aliphatic series, 
are readily converted by nitrous acid into nitrosoamines, such as 


nitrosomethylaniline, CeHs- Sesiarey: On careful reduction, these 
nitroso-compounds yield hydrazines, CgH;-N < me ; on energetic 


reduction, for example with tin and hydrochloric acid, the NO- 
group is eliminated, and the secondary amines regenerated. 


Tertiary Amines. 


316. Triphenylamine, (CgHs5)3N, is a type of the true aromatic 
tertiary amines: only a few of them are known. It is obtained by 
the action of sodium and bromobenzene on diphenylamine, and is 
a solid, melting at 127°. It does not possess a basic character. 

Dimethylaniline, CgHs- Sia is the most important member 
of the series of mixed aromatic-aliphatic tertiary amines. They can 
be obtained by the action of alkyl halides upon anilines, but are 
manufactured by heating aniline hydrochloride with the alcohol, a 
method in which alkyl halides react in the nascent state. Methy] 
aleohol and hydrochloric acid yield methy] chloride, and this com- 
pound then reacts with the aniline. 

On heating the hydrochloride of an alkyl-aniline at 180°, in a 
current of hydrochloric-acid gas, the alkyl-groups are eliminated, 
with formation of aniline and alkyl chlorides. When the hydro- 
chlorides of the alkyl-anilines are strongly heated, the alkyl-groups 
linked to nitrogen are transferred to the benzene-ring. This reac- 
tion can be explained by assuming that decomposition into alkyl 
chloride and aniline first takes place as just described: 


I. CsH;-NH(C2Hs5)HCl = CgHs-NH2+C2H;Cl. 
The reaction indicated in equation I]. ensues: 


I. OgHs-NHp+CzH,Cl = CoHa< Ni acy 


The formation of the hydrochloride of p-toluidine, by the inter- 
action of methyl alcohol and aniline hydrochloride at a high tem- 
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perature, is analogous. By this process it is possible to obtain even 
pentamethylaminobenzene, Cg(CH3)5-NHo. 

The para-hydrogen atoms of dimethylaniline and other dialky]- 
anilines are replaceable by various groups. Thus, dimethylaniline 
reacts readily with nitrous acid, with formation of mitrosodimethyl- 


aniline, 
ONC N(CH), 


effected by the addition of potassium nitrite to the solution of the 
tertiary base in hydrochloric acid. This nitroso-compound crystal- 
lizes in well-defined leaves of a fine green colour. It melts at 85°, 
and yields a hydrochloride crystallizing in yellow needles. On oxi- 
dation with potassium permanganate, the nitroso-group is con- 
verted into a nitro-group, with formation of p-nitrodimethylaniline, 
N(CH3)e 1 


CHix<No, 


On boiling with caustic soda, the amino-group of nitrosodi- 
methylaniline is removed, with formation of dimethylamine and 
nitrosophenol: 


N(CH H 
Cola < NCHs)2 4 77,0 = CoHa< No +HN(CHs)>. 
Nitrosophenol 


This reaction is employed in the preparation of pure dimethyl- 
amine (73). 

The para-hydrogen atom of dimethylaniline can react with 
substances other than nitrous acid: thus, aldehydes readily yield a 
condensation-product: 


H|CsH.N(CH } ‘ 
CoHs-CHIO + SOHN (CHEN = CoHs-CHICSELAN (CH )ob. 


The constitution of this compound is inferred from its relation to 
triphenylmethane, CH(CeHs5)3 (423). With dimethylaniline, car- 
bony] chloride yields a p-derivative of ROR cs CgH5-CO-CgHs, 
called MicHLEr’s ketone: 


4 
/al + HiCeHa-N(CH3)2 , /CeHs-N(CH3)2 


= CO : +2HCl. 
\\Cl-+ HiCgHa+N(CH3)g 9 -\CgHy-N(CH3)2 
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When dimethylaniline, and other analogous tertiary amines, are 
treated with hydrogen peroxide at 60°-70°, they yield compounds 
such as dimethylaniline oxide, 


CeHs- 1 (CH3)e2 


O 


The constitution is indicated by its reduction to dimethylaniline. 


Quaternary Bases. 


317. Quaternary bases are formed by the addition of alkyl 
halides to the tertiary aromatic-aliphatic amines, and treatment of 
the salts thus formed with moist silver oxide. These substances are 
strong bases. On heating, they yield an alcohol and a tertiary 
amine, differing in this respect from the aliphatic ammonium bases 
(73). 

Pore has resolved quaternary ammonium bases containing four 
dissimilar groups into optically active components. These com- 
pounds of the type NR,R,R3R,X, in which X is an acid-radical, owe 
their optical activity to the presence of an asymmetric nitrogen atom. 
Methylallylphenylbenzylammonium hydroxide, 


HO-N(CH,)(C,H;)(C, H,)(CHC.H,); 


unites with the strongly optically active d-camphorsulphonic acid: 
the salt obtained is fractionally crystallized from acetone, a solvent 
less liable to decompose it than those containing a hydroxyl-group. 
By this means the base can be resolved into its dextro-rotatory 
and levo-rotatory components. A complete demonstration of the 
position and direction of the bonds of the quinquivalent nitrogen 
atom has not yet been given. 


Benzylamine, CgH;-CH2+-NHo2. 


318. Benzylamine is a type of the amines with NH¢ in the side- 
chain. It can be obtained by the various methods employed in 
the preparation of aliphatic amines, such as the action of benzyl 
chloride upon ammonia, by which dibenzylamine and tribenzylamine 
are also formed; addition of hydrogen to benzonitrile, CsH;-CN; 
reduction of phenylnitromethane, CeH5-CH2-NOz; and soon. The 
method for its formation and its properties prove that benzylamine 
belongs to the primary amines of the aliphatic series: thus, it does 
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not yield diazonium compounds; and its aqueous solution has a 
strongly alkaline reaction, proving it to be a much stronger base 
than aniline, in which the NHp»-group is under the direct influence 
of the phenyl-group. 

Benzylamine is a liquid of ammoniacal odour: it boils at 185°, 
is volatile with steam, and has a specific gravity of 0-983 at 19°. 
It absorbs carbon dioxide from the air. 


Derivatives of Aniline and Carbonic Acid. 


319. Only a few of the numerous compounds of aniline with 

carbonic acid can be described here. Phenylurethane, 
CyH;-NH-CO-OC,H;, 

is formed by the interaction of ethyl chlorocarbonate and aniline. 
It is a solid, and melts at 52°. When distilled with phosphoric oxide, 
it yields phenyl isocyanate, CgH;+N :C:O, a colourless liquid productive 
of tears, which boils at 166°. Itis sometimes employed in the detec- 
tion of OH-groups or NH,-groups, with which it forms substituted 
urethanes and ureas respectively. With water it yields symmetrical 
diphenylurea, CO(NH-C,H;)., a erystalline substance melting at 
235e8(2173)e 


Derivatives of Aniline and Sulphur. 

320. Derivatives of aniline and sulphur, similar to the compounds 
described in 265 and 275, are also known. One of them is phenyl 
mustard-oil, CeH;-N:C:8, which boils at 222°. It is obtained by 
boiling diphenylthiourea, CS(NH-C,H;)., with hydrochloric acid. 
Diphenylthiourea itself is formed by heating carbon disulphide with 
aniline: 

CS, +2H,N-C.H; = HS +CS(NH-C,H;),. 


Vill. INTERMEDIATE PRODUCTS IN THE REDUCTION OF AROMATIC 
NITRO-COMPOUNDS. 


321. On reduction, the nitro-compounds of the aliphatic series 
yield amines directly, from which the alkyl-groups can be removed 
by oxidation: for example, ethylamine is converted into acetic acid 
and ammonia. In the aromatic series, on the other hand, inter- 
mediate products can be obtained in the reduction of nitro-com- 
pounds, and sometimes also in the oxidation of amines. Only the 
compounds derived from nitrobenzene and aniline will be described 
here, although numerous substitution-products of the same type 
are known. 
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In acid solution the nitro-compounds are directly reduced to 
the corresponding amino-derivatives, but in alkaline solution yield 
substances containing two benzene-residues. Nitrobenzene yields 
in succession uzoxybenzene, azobenzene, hydrazobenzene, and aniline: 


lle Nitro-compound, CeH5-NOzg OoN -CgH5; 
CeHs -N——N.- CeH;; 


. Azoxry- 
2, oxy-compound, awn a 
3. Azo-compound, CgH;-N=N-Cg6H;; 
4. Hydrazo-compound, CgHs- NH—NH-CgH;; 
5. Amino-compound, CeHs-NH2 H.N-CoHs. 


322. Azoxybenzene is obtained by boiling nitrobenzene with alco- 
holic potash, and is also formed in the oxidation of aniline with 
potassium permanganate in alcoholic solution. It forms light-yellow 
crystals melting at 36°. When warmed with concentrated sulphuric 
acid, it is transformed into p-hydroxyazobenzene: 

CyH;- N——N -C,H 


Ee + C,H,;-N=N-C,H,-OH. 
O 


Hydroxyazobenzene 

is readi ack various reducing agents. Under the influ- 
It is readily attacked by various reducing oo 
ence of direct sunlight, concentrated sulphuric acid converts azoxy- 
benzene into o-hydroxyazobenzene. 


323. p-Azoxyphenetole, Ripse ee Paes is dis- 
aS 


( 

tinguished by its power of forming liquid Seat a property char- 
acteristic of a considerable number of other substances. When heated, 
it melts at 134° to a turbid liquid, which suddenly becomes clear at 165°. 
The crystalline structure of the turbid liquid cannot be detected by the 
microscope, but is indicated by the double refraction exhibited by the 
liquid, and by the formation of the figures characteristic of double- 
refracting crystals between crossed Nicol prisms in converging light. 

Turbidity is not an essential characteristic of liquid crystals, 
as VORLANDER has discovered perfectly clear liquids which display 
phenomena like those of double-refracting crystals. 

324. Azobenzene, CsH;.N:N-CgHs, is formed by the reduction of 
nitrobenzene with a solution of stannous chloride in excess of caustic 
potash, and also by distilling azoxybenzene with iron-filings. It 
is produced along with azoxybenzene by the oxidation of aniline 
with potassium permanganate. 

Azobenzene forms well-defined, orange-red crystals, melting at 
68°, and boiling without decomposition at 295°. It is a very stable 
compound, and is insoluble in water. Its constitution follows from 
its yielding aniline on reduction. 
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Hydrazobenzene, CgH;- NH—NH.-CgHs, is formed by the action 
of zine-dust and alcoholic potash upon azobenzene or nitrobenzene. 
It is a colourless, crystalline substance, and melts at 126°. Strong 
reducing agents convert it into aniline: on the other hand, it is 
readily oxidized to azobenzene, the transformation being slowly 
effected by atmosphere oxygen. It is also oxidized to the azo- 
compound by ferric chloride. 

The most characteristic reaction of hydrazobenzene is its con- 
version into benzidine, whereby the benzene-nuclei are, as it were, 
turned end forend. This ‘“‘benzidine-transformation ”’ is effected by 
the action of strong acids: 


CO HEC) —+ HN -CoH,—CeH4-NHp. 


Hydrazobenzene Benzidine 


That a diaminodiphenyl is thus formed is proved by the conversion 
of benzidine into diphenyl, CgsH;-CgHs. The amino-groups occupy 


the para-positions: 
Hy.N< 


ee eae 


By reducing azobenzene in acid solution, benzidine is formed 
directly. It is characterized by the sparing solubility in cold water 
of its sulphate. 

The amino-groups in benzidine are proved in various ways to 
occupy the para-position: for example, a hydrazobenzene the 
p-hydrogen atoms of which have been substituted cannot be con- 
verted into benzidine. In certain instances compounds of this kind 
can undergo a remarkable intramolecular transformation, known as 
the “semidine-transformation,”’ forming derivatives of diphenyla- 
mine by the turning of only one of the benzene-nuclei: 


: 1 e oy if 4 
H¢ ©) )NH—-NH-CyH,NH-COCH,>H,NC _NH-+CyH,NH-COCH,. 


p-Acetaminohydrazobenzene p-Aminophenyl-p-acetamino- 
phenylamine 


Electro-reduction of Nitro-compounds. 


325. There is reason to believe that in the future electrolytic 
methods will be used more and more in chemica! work, for the elec- 
tric current affords a means of varying the pressure and concentra- 
tion of the substances taking part in reactions in the preparation of 
organic compounds, which is not otherwise attainable. By its aid 
it is possible to effect new syntheses or to improve those already 
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known. An explanation of this mode of altering the pressure and 
concentration is necessary here. 

Alteration in the contact-difference of potential between the elec- 
trodes and the electrolyte causes considerable variation in the pres- 
sure at which the discharged ions leave the solution (280). In 
reduction-processes the same effect is attained by using different re- 
ducing agents. When a compound yields a series of intermediate 
products on treatment with different reducing agents of increasing 
strength, this can also be effected by increasing the contact-difference 
of potential (280) at the cathode, where hydrogen is evolved. 

Regarding variation in the concentration, it must be remem- 
bered that the electrolytic process takes place only in the immediate 
neighbourhood of the electrodes. When the surface-area of the 
electrodes is altered, the strength of the current remaining the same, 
the number of ions discharged at unit surface varies in direct pro- 
portion: it is therefore possible, by selecting suitable electrodes, to 
cause the concentration of the ions discharged at them to vary 
within wide limits. The ‘‘strength ” of the reducing agent depends 
upon the contact-difference of potential, but its concentration is 
controlled by the density of the current (168). In reactions in 
which the discharged ions must interact, as in the synthesis of 
dibasic acids (loc. cit.), a current of high density is necessary: on 
the other -hand, in reductions which must take place as far as 
possible at all parts of the liquid, large cathodes, which give a cur- 
rent of small density, must be used. 

326. On reduction, nitro-compounds ultimately yield amines, but 
a number of intermediate reduction-products can be isolated. For 
this reason the electro-reduction of nitrobenzene and its derivatives 
is of both theoretical and practical importance. It is possible to 
give a complete and satisfactory explanation of the mechanism of 
this process. 

A distinction must be drawn between primary or electrolytic, 
and secondary or chemical, reduction-products. The primary pro- 
cess is 

CgHs-NOz — CeHs-NO — CeHs-NHOH — CeH5-NHo. 


Nitrobenzene Nitrosobenzene Phenylhydroxyl- Aniline 
amine 


The presence of nitrosobenzene can be detected by the addition 
of hydroxylamine to the liquid, with which it reacts with loss of 
one molecule of water, and formation of diazonium hydroxide, 
C,H,;-N2-OH: on adding a-naphthol, an azo-dye is produced (361). 
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The formation of phenylhydroxylamine can be proved by adding 
benzaldehyde, with which it yields benzylidenephenylhydroxylamine: 
CsH; -N——CH-C,H, 
C,H, -NHOH +0CH-C,H; = H,0+ ; 


Benzaldehyde 

On rapid reduction of nitrobenzene dissolved in moderately con- 
centrated sulphuric acid, with addition of alcohol to increase the 
solubility, the primary process just described takes place, about 
90 per cent. of the theoretical yield of aniline being obtained. Ina 
strongly acid solution, however, the phenylhydroxylamine is very 
quickly converted into p-aminophenol: 

CgH;-NHOH — HO-CgH4-NHo2. 

This substance is not further reduced. Since phenythydroxylamine 
undergoes the same transformation, though much more slowly, in 
presence of more dilute acid, it is evident that the theoretical yield 
of aniline cannot be obtained, even when the solvent is dilute, and 
the velocity of reduction great. 

In alcoholic-alkaline solution the electro-reduction of nitro- 
benzene is accompanied by two secondary processes. 

1. Nitrosobenzene reacts with phenylhydroxylamine, yielding 


azoxybenzene: CHEeNZ oer: 
CgHs-NHOH+C.gH;5-NO = we +H,0. 


In presence of alkali this reaction proceeds much more quickly than 
the further reduction of phenylhydroxylamine, so that only small 
quantities of aniline are formed, and higher reduction-products 
of azoxybenzene, chief among them hydrazobenzene, obtained as 
the main part of the yield. 

2. Hydrazobenzene is attacked by the unreduced nitrobenzene 
with formation of azobenzene and azoxybenzene: 


3CgHs -NH-NH -CeHs —- 2CeHs . NOs, = 3Ce6Hs -N:N- CsHs + 
C,H; NN. GH: 
+ a +3H,0. 


Since hydrazobenzene in alkaline solution is quickly oxidized by 
atmospheric oxygen to azobenzene, the yield of azobenzene is very 
good. 

A much higher contact-difference of potential at the cathode 
is required to reduce hydrazobenzene to aniline. 
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327. HaBer has combined these primary and secondary reac- 
tions in the following scheme, the vertical arrows indicating pri- 
mary, and the oblique arrows secondary, reactions: 


C, H; NO, 


or 15 N(OH). 


C, H,.N:N. C,H, Sees te | 
iN-LN. 6 5 


C,H; © 
O ee 
seu CeH;: NO 
C, H; NHOH 


C, Hs NH-NH.C, H, 


y—__~~_. 
ap eras PORN 


Fic. 77.—HABrEr’s ELECTRO-REDUCTION SCHEME. 


BAMBERGER pointed out that the reduction of nitrobenzene by 
purely chemical methods yields the same intermediate products. 
Thus, nitrosobenzene is formed by its interaction with zinc-dust and 
water. In accord with this view is the fact that the velocity of 
reduction of nitrobenzene by stannous chloride in presence of a great 
excess of hydrochloric-acid solution indicates that the reaction is 
bimolecular, and must therefore be represented by the equation 


R-NO,+SnCl,+nHCl = R-NO+SnCl,+H,0 +(n—2)HCl. 


This reaction has a measurable velocity. The further reduction of 
the nitroso-compound to the amino-compound should be very rapid: 
experimental evidence confirming this theoretical view is afforded 
by the fact that when nitrosodimethylaniline is brought into con- 
tact with stannous chloride, it is at once reduced. 


Ix. PHENYL-COMPOUNDS CONTAINING OTHER ELEMENTS. 
Phosphorus and Arsenic Derivatives. 


328. Compounds of phosphorus and arsenic with aromatic hydro- 
carbons, having constitutions similar to those of the nitro-com- 
pounds, azo-compounds, and amino-compounds, are known. 

Phosphinobenzene, CgH;-PO,, cannot be obtained analogously to 
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nitrobenzene, by the interaction of metaphosphoric acid and benzene. 
It is prepared by the action of phenylphosphinic acid ('79) upon its 
chloride: 
C.H;-PO(OH), +CgH;- POC], = 2CsH;> PO, +2HCl. 
Phenylphosphinic Chloride 
ach 
It is a white, crystalline, odourless powder. 

Phenylphosphine, CgH;:PH,, is obtained by distilling phosphenyl 
chloride, CgH;-PCl,, with alcohol, in a current of carbon dioxide. It 
is a liquid of very penetrating odour. It cannot be obtained by the 
reduction of phosphinobenzene. 

Phosphobenzene, CoH;-P:P-C.H;, is got by treating phenyl- 
phosphine with phospheny] chloride: 


C.H,- P{Cl, +H,|P-CsH, = O.H;-P:P-C.H; +2HCl. 


It is a pale-yellow powder, insoluble in water, alcohol, andether. It 
"is energetically oxidized by weak nitric acid, forming phosphenylous 
C.H 
PROP CIn 
\OH 

Phospheny! chloride, CsH,;+ PCl,, the starting-point in the prepara- 
tion of these and other aromatic phosphorus derivatives, can be pre- 
pared, as can its homologues, by heating aromatic hydrocarbons 
with phosphorus trichloride and aluminium chloride under a reflux- 
condenser. 

Arsinobenzene, CgH;-AsO,, is obtained by the elimination of 
water from phenylarsonic acid, CsH;-AsO(OH),, under the influence 
of heat. 

Arsenobenzene, C,H; As: As-C,H;, is formed by the reduction of 
phenylarsine oxide, CsHs-AsO, with phosphorous acid. It forms 
yellow needles, and is converted by oxidation into phenylarsonic 
acid, CsH;*AsO(OH),. “Atoxyl,’”’ employed in the treatment of 
trypanosomiasis (sleeping sickness), is the sodium salt of p-amino- 
phenylarsonic acid, NH,+C,H,- AsO(OH),. 


Comparison of the Aromatic Derivatives of Nitrogen, Phosphorus, and 
Arsenic. 


329. The following compounds are known: 


C.H;-NO, CoH;+N2-C.H; C.H;-NH, 
Nitrobenzene Azobenzene Phenylamine 
C,H;- PO, OpslolehaOAgle C.H;- PH, 

Phosphinobenzene Phosphobenzene Phenylphosphine 
CoH: AsO; C,H,-As,> CoH, 


Arsinobonzene A-sonobenzene 
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Substances in the first column may be regarded as derived 
from the meta-acids, HO-NO,, HO-PO,, HO-AsO, by exchange of 
hydroxy] for phenyl, and hence cannot have acidic properties. Ortho- 
nitric acid, H;NO,, or ON(OH),, corresponding to orthophosphoric 
acid, H,;PO, and orthoarsenic acid, H,AsQ,, is not known, and ac- 
cordingly nitrobenzene does not unite with water, while phosphino- 
benzene and arsinobenzene produce the corresponding acids, 
phenylphosphinie acid, CsH;-PO(OH),, and phenylarsonic acid, 
C.H;:AsO(OH),. When heated, phosphoric acid does not yield 
phosphorus pentoxide; arsenic acid yields arsenic pentoxide. Simi- 
larly, phosphinobenzene cannot be obtained by heating phenyl- 
phosphinic acid, while phenylarsonic acid is converted into arsino- 
benzene by this treatment. 

The methods of formation of the compounds of the second column 
also differ greatly from one another. They are all coloured, the most 
deeply tinted being azobenzene. On reduction, nitrobenzene and 
arsinobenzene yield azobenzene and arsenobenzene: the oxygen of 
phosphinobenzene is too firmly linked to phosphorus to admit of this 
reaction. Hydrogen reduces azobenzene to phenylamine: chlorine 
converts phosphobenzene and arsenobenzene into the corresponding 
chlorine derivatives, C;H;-PCl, and C.H;: AsCl,. 

The difference between the two compounds in the last column is 
due to the strong affinity of phosphorus for oxygen. Aniline cannot 
be oxidized to an acid, while phenylphosphine is readily converted, 
even by the oxygen of the atmosphere, into phenylphosphinous acid, 
C.H;- PO,H,. 


Aromatic Metallic Compounds. 


330. Mercury, tin, lead, and magnesium are the only metals 
which yield aromatic compounds: they are much less important than 
the metallic compounds of the aliphatic series. Mercury phenide, 
Hg(C.H;)2, is obtained by the action of sodium-amalgam upon 
bromobenzene. It is crystalline, and resembles the corresponding 
alkyl-derivatives in its stability towards atmospheric oxygen. When 
its vapour is passed through a red-hot tube, it decomposes into 
mercury and diphenyl (420): the same effect is partially produced 
by distillation. When mercury acetate is heated with benzene at 
110°, there results phenylmercury acetate, C,H;-Hg-OOC-CHs, the 
acetic-acid salt of the base phenylmercury hydroxide, C,H;-Hg-OH. 
The homologues of benzene, nitrobenzene, and other substances 
yield analogous compounds. 

Aromatic magnesium compounds are referred to in 208. 


BENZOIC ACID: ITS DERIVATIVES AND HOMOLOGUES. 


Benzoic Acid, CsH;-COOH. 


331. Benzoic acid can be prepared by many methods, of which 
the most important will be described. 
1. By the oxidation of any aromatic hydrocarbon with a side- 
chain: 
CgHs-CypHen+1 => CgsH;-COOH. 


Being inexpensive, toluene is specially serviceable for this purpose. 
In the manufacture of benzoic acid, toluene is not directly oxidized, 
but is treated at its boiling-point with chlorine. Benzotrichloride, 
CsH;-CCls, is first formed, and is converted into benzoic acid by 
heating with water: 


Cl HIOH : 
CeH;-C\Cl+H|IOH—H,O = CsH;-COOH +3HCI. 
Cl HIOH 


Benzoic acid thus prepared often contains traces of chlorobenzoic 
acid, CgH4Cl-COOH. 

2. By the oxidation of aromatic alcohols or aldehydes, such as 
benzyl alcohol, CgH;-CH2OH, or benzaldehyde, CHSC: also by 
the oxidation of alcohols, aldehydes, or ketones with longer side- 
chains: in fact, from all compounds containing a side-chain with 
one carbon atom directly linked to the benzene-nucleus. 

3. By the introduction of the nitrile-group into the benzene- 
nucleus, and hydrolysis of the benzonitrile, CgH5-CN, thus formed. 
The introduction of the nitrile-group can be effected in two ways. 

(a) By diazotizing aniline, and treating the diazonium salt with 
potassium cyanide (341, 5). 
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(6) By distilling potassium benzenesulphonate with potassium 
cyanide: ; 


Ce6Hs-SOsK +KCN = CgHs-CN +K2SO3. 


4. By the action of carbon dioxide and sodium on bromoben- 
zene, whereby sodium benzoate is formed: 


CeHsBr +CO» +2Na = NaBr +C.Hs5 -CO.Na. 


5. By the action of various derivatives of carbonic acid, other 
than carbon dioxide, upon benzene, substances readily convertible 
into benzoic acid are formed. 

(a) In presence of aluminium chloride, benzene and carbonyl 
chloride react together, with formation of benzoyl chloride, the 
chloride of benzoic acid, and hydrochloric acid: 


CgHs[H +Cl] -COC] = CsH5-COC] +HCl. 


Benzoyl chloride 


Benzoy! chloride is converted into benzoic acid by treatment with 
hot water. 

(b) Benzene and aluminium chloride react with carbamic chlo- 
ride, Cl-CONHg (formed by passing carbonyl chloride over heated 
ammonium chloride), yielding benzamide, the amide of benzoic acid: 


CgH;[H +Cl]-CONH, = CsH;-CONH. +HCl. 


Benzamide 


(c) Bromobenzene is converted by sodium and ethyl chlorocar- 
bonate into ethyl benzoate: 


CeHs|Br +Cl |-COOC2Hs _ o.17,.COOC,Hs +NaCl-+NaBr. 


+/Na Na 


Benzoic acid is a constituent of many natural resins and bal- 
sams, such as gum-benzoin, Peru-balsam, and Tolu-balsam. <A 
derivative, hippuric acid (230), is present in the urine of horses. It 
was formerly prepared principally from gum-benzoin, from which 
source the benzoic acid used as a medicament is still sometimes 
obtained. It is a white solid, crystallizing in leaf-like crystals 
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melting at 121-4°. It sublimes readily, and boils at-250°: it vola- 
tilizes with steam, and can be purified by steam-distillation. Its 
alkali-metal salts dissolve readily in water, most salts of other bases 
being soluble with difficulty. 


332. The solubility-curve (‘“ Inorgan‘c Chemistry,” 235) of benzoic 
acid has been the subject of careful investigation, on account of its 
interesting character (Fig. 78). The solubility increases somewhat 
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rapidly with increase of temperature up to 90° (AB). At this tem- 
perature, the acid melts beneath the water, so that two liquids result: 
one 1s an aqueous solution, containing 11-2 per cent. of acid (point 
B); the other consists principally of the acid, containing 95-88 per 
cent. (point D). Above this temperature an effect like that described 
in 74 1s produced: the mutual solubility of these layers is repre- 
sented in the part BCD of the curve, of which BC corresponds to the 
aqueous layer, and DC to the acid one. The composition of the two 
layers becomes more and more alike as the temperature rises, since 
the water dissolves more benzoic acid, and the acid more water. At 
116° they are identical in composition: that is, the liquid has again 
become homogeneous. 

If more benzoic acid is added to the acid layer only, at 90°, it. 
is necessary to raise the temperature to keep all the acid fused: the 
line DF is thus obtained, ending at F’ at the melting-point of pure 
benzoic acid, 121-4°. DF therefore represents the melting-point- 
curve of the acid, on addition of increasing amounts of water. 
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Derivatives of Benzoic Acid. 


333- Benzoyl chloride, CgH5-COCI, can be obtained by the action 
of phosphorus pentachloride or oxychloride upon benzoic acid, or 
by the method of 331, 5a. It is a liquid of disagreeable odour, and 
boils at 194°. It is manufactured by treating benzaldehyde, 


Uses Co with chlorine. Unlike acetyl chloride, which is rapidly 


decomposed, it is very slowly acted upon by water at ordinary 
temperatures. 

Benzoyl chloride is employed in the introduction of the benzoyl- 
group, CgH;-CO—, into compounds. ‘This is effected by a method 
discovered by BAUMANN and ScuoTten, which consists in agitating 
the substance in alkaline solution with benzoyl! chloride. 


Thus, glyceryl tribenzoate is prepared by addition of small quanti- 
ties of caustic potash and benzoy] chloride to an aqueous solution of 
glycerol. The cooled mixture is constantly agitated, and, finally, caus- 
tic potash is added until the smell of benzoy! chloride has vanished. 


Benzoic anhydride, CgHsCO-O-COCgHs, is formed by the inter- 
action of a benzoate and benzoy! chloride: 


CgH;-CO-O[Na.+Cl]-OCCgHs = NaCl +CgH;CO-O-COC.Hs. 


At ordinary temperatures it is very stable towards water, but is 
decomposed when boiled with it, yielding benzoic acid. 

The formation of ethyl benzoate (331, 5c) is sometimes employed 
as a test for ethyl alcohol, since it possesses a characteristic pepper- 
mint-like odour. 

Benzamide (331, 5b), CgHs5-CONHe, can be prepared by the 
action of ammonia or ammonium carbonate on benzoyl chloride. 
It is crystalline and dimorphous, melting at 130°. It is stated in 
104 that the influence of the negative acetyl-group causes the hydro- 
gen atoms of the amino-group in acetamide to be replaceable by 
metals. Benzamide displays this property to an even greater 
extent, on account of the more negative character of the benzoyl- 
group; for the values of the dissociation-constants for acetic acid 
and for benzoic acid respectively are 104k = 0-18 and 104k = 0-60. 
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When the silver compound of benzamide is treated with an alkyl 
iodide at ordinary temperatures, an O-ether, benzoic imineether, 
/OGHs : : 2 
C.H5°Cy , is formed. The constitution of this substance is 
‘NH 


proved by its yielding ammonia and alcohol, instead of ethylamine 
and benzoic acid, when treated with alkalis. When, however, the 
silver compound is treated with an alkyl iodide at 100°, a N-alkide, 
/NHGHS oe es 
eae ,isformed. This is proved by the decomposition of 


the latter substance into ethylamine and benzoic acid, so that the 

silver compound must have different constitutions at ordinary tem- — 

peratures and at 100° (267). 

Benzonitriie, CgHs-CN, the methods of producing which are 
described in 331, 3, can also be produced similarly to the aliphatic 
nitriles: for example, by the action of phosphoric oxide upon 
benzamide. It is a liquid with an odour resembling that of bitter 
almonds, and boils at 191°. It has all the properties characteristic 
of the aliphatic nitriles. 


Homologues of Benzoic Acid. 


334. The toluic acids, C,H, ere are formed by the oxidation 


of the corresponding xylenes with dilute nitric acid. p-Toluie acid is 
one of the oxidation-products of the turpentine-oils, which are first 
converted by oxidation into cymene, 


CHX CHI(CH,). 


The toluic acids are only slightly soluble in cold water. 
Phenylacetic acid, C,H;-CH,-COOH, is isomeric with them, and 
can be obtained by the method indicated in the following scheme: 
C,H;-CH,-Cl+ KCN — C,H,;-CH,:CN — C,H;-CH,-COOH. 
Benzyl chloride Benzyl eyanide 
It is readily distinguished from the toluic acids by oxidation, which 
converts it into the monobasic benzoic acid, while the toluic acids 
yield the dibasic phthalic acids (366). 


; /LOOH 
Xylic acids, Oelle Cs , have properties corresponding to 
CH; 


those of benzoic acid: they, too, are only slightly soluble in cold 
water. 


AROMATIC ALDEHYDES AND KETONES. 


Aldehydes. 


335. Benzaldehyde, CoHs-Cf, is the best-known of the aromatie 


aldehydes. Like the aliphatic aldehydes, it is formed by the oxida- 
tion of the corresponding alcohol, benzyl alcohol, CeH;-CH,OH, 
and by distillation of a mixture of a benzoate and a formate. It 
is manufactured by heating benzal chloride, CgH5:CHClg, with water 
and calcium carbonate, a method the aliphatic analogue of which 
is of no practical importance: 


C,H;-CHICl, +HjoH 120 = CcHs-CH 42H). 


Benzaldehyde is isolated from the crude reaction-product by treat- 
ment with an aqueous solution of sulphur dioxide, in which it dis- 
solves with formation of benzaldehydesulphurous acid (110, 2), the 
other substances present being insoluble. When a current of air 
is passed through the heated solution, the benzaldehyde is obtained 
' pure. | 

The following methods are employed in the preparation of the 
homologues of benzaldehyde. 

1. When ethyl chloro-oxalate is brought into contact with an 
aromatic hydrocarbon in presence of aluminium chloride, the ethyl 
ester of an a-ketonic acid is produced: 

C,H,+CICO—COOC,H, = C,H;-CO-COOC,H; + HCl. 
Ethyl chloro-oxalate 
The free acid is obtained by saponification, and on dry distillation 
loses CO,, with formation of the aldehyde: 


C,H,-CO-CO,H = C,H+Ch + CO,. 


2. An aromatic hydrocarbon is treated with a mixture of carbon 
monoxide and hydrochloric acid in presence of aluminium chloride 
and a trace of cuprous chloride. It may be assumed that formyl 
chloride, HCOCI, is obtained as an intermediate product: 
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CH,-C,H,+Cl0CH = CH,-C,H,-C4 + Aa. 


3. When anhydrous hydrocyanic acid and hydrochloric acid are 
brought into contact with aromatic hydrocarbons, aldehydes are pro- 
duced, an aldime being formed as an intermediate product: 


C,H,+CNH+HCl = C,H;-CH:NH- HCI; 


Benzaldime hydrochloride 


C,H;-CH:NH-HCI+H,0 = C.H,-Cfy +NH,Cl 


Benzaldehyde occurs in the natural product, amygdalin, 
Co9H2701,N (262); on this account it is called oil of bitter almonds. 
It is a liquid of agreeable odour, is slightly soluble in water, boils 
at 179°, and has a specific gravity 1-0504 at 15°. It has most of 
the properties of the aliphatic aldehydes: it is readily oxidized, even 
by the oxygen of the atmosphere (especially when exposed to sun- 
light), reduces an ammoniacal silver solution with formation of a 
mirror, yields a crystalline addition-product with sodium hydrogen 
sulphite, adds on hydrocyanic acid and hydrogen, forms an oxime 
and a phenylhydrazone, and so on. 

It displays, however, points of difference from the fatty alde- 
hydes. Thus, with ammonia at the ordinary temperature it does 
not yield a compound Jike acetaldehyde-ammonia, but produces 
hydrobenzamide, (CeHsCH)3No2, formed by the union of three 
molecules of benzaldehyde and two molecules of ammonia: 


3CeHs-CO +2H3N = (CsHsCH)3No+3H20. 


At —20°, however, ammonia combines with benzaldehyde to 
benzaldehyde-ammonia, 2C,H,-CHO NH,, probably 
NH[CH(C,H,;) OH)},, 

which separates in plates melting at 45°. After a time it 

decomposes into hydrobenzamide, benzaldehyde, and water. It 

is an intermediate product in the preparation of hydrobenzamide. 

The behaviour of the aromatic aldehydes towards alcoholic 
potash is characteristic, one molecule of the aldehyde being oxi- 
dized, and the other reduced (c/., however, 117). Thus, benzalde- 
hyde yields potassium benzoate and benzyl alcohol: 


2C6H5-Cl + KOH = CoHs-COOK +C,H-CH,OH. 
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The aromatic aldehydes condense readily with dimethylaniline 
or phenols, forming derivatives of triphenylmethane (423) : 


H!. HIC.H,OH C.H,OH 
CoH oud (.H--CH = 614 H.O. 
Gao CM OH. 20 


Autoxidation. 

It has been observed that during the oxidation of various sub- 
stances in the air as much oxygen is rendered “active ”’ as is taken 
up by the substance under oxidation (“Inorganic Chemistry,” 16r ): 
this phenomenon is displayed in the atmospheric oxidation of benz- 
aldehyde. If it is left for several weeks in contact with water, 
indigosulphonic acid, and air, the same amount of oxygen is absorbed 
in oxidizing the indigo derivative as in converting the benzaldehyde 
into benzoic acid. Von Baryerr has shown that benzoyl-hydrogen 
peroxide, C,H,CO-O-O8, is formed as an intermediate product, and 
oxidizes the indigosulphonie acid, being itself reduced to benzoic acid: 


€,H,-CHO +0, = C,H,-CO-0-OH; 


C,H;-CO-O-OH+Indigo = C,H;-COOH + Oxidized indigo. 
The oxidation of benzaldehyde in the air must be considered, there- 
fore, to take place thus: 


C,H,-;CHO+0O2 = C,H,-CO-0-OH; 
C,H;-CO-0-OH+C,H,-CHO = 2C,H,-COOH. 


Von BAryeER has, in fact, proved that benzoyl-hydrogen peroxide 
dissolves when added to benzaldehyde, but that the liquid gradually 
solidifies to pure benzoic acid. 


Ketones. 


336. The aromatic ketones can be subdivided into the mixed 
aromatic-aliphatic ketones and the true aromatic ketones. The 
typical member of the first class is acetophenone, CeHs-CO-CHs3. 
It can be obtained by distilling a mixture of calcium acetate and 
benzoate, or more readily by the addition of aluminium chloride to 
a mixture of benzene and acetyl chloride. It is a crystalline sub- 
stance of agreeable odour, melting at 20° and boiling at 200°: it is 
slightly soluble in water, and possesses all the properties of the 
aliphatic ketones. It is employed as a soporific under the name 


“hypnone.” 
Benzophenone, CeH5-CO-CgHs5, is a true aromatic ketone, and 
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can be obtained by the dry distillation of caletum benzoate, or 
by the action of benzene and aluminium chloride upon benzoyl 
chloride, or carbonyl chloride. - This compound, although a true 
aromatic derivative, behaves exactly like an aliphatic ketone: on 
reduction, it yields benzhydrol, CeH5-CHOH-CgH5; benzpinacone, 


(CgHs5)2C-——C (CeHs5) 2 
OH OH 
BOESEKEN has explained the mechanism of FRimpEL and CRAFTS’S 

synthesis (294, 2) of aromatic ketones. He has proved that the acid 
chloride first unites with the afuminium chloride: 


C,H,COC]+ AlCl, = C,H,COCI- AICl,. 


is simultaneously formed (156). 


On addition of one molecule of benzene, one molecule of hydrochloric 
acid is evolved, with formation of a crystalline compound: 


C,H,-COC! -AICI,+C,H, = C,H,-CO-C,H,- AIC], + HCl. 


When this compound is treated with water, a quantitative yield of 
the ketone is obtained: 


C,H,-CO-C,H,- AICI, +nH.0 = C,H,-CO-C,H, + AICl,-nH.0. 


The reaction therefore takes place in three stages. 


Benzophenone exists in two modifications: one is unstable and 
melts at 27°; the other is stable and melts at 49°. 


The relation of these substances to one another is one of mono- 
tropy; that is, at all temperatures up to its melting-point the meta- 
stable form changes to the stable form, but the processisnot reversible. 
The explanation is that the transition-point of the two modifications 
is higher than the melting-point of the metastable isomeride. 

For a substance with a transition-point (O), the vapour-pressure, 
p, in the neighbourhood of this point is represented by Fig. 79 
(“Inorganic Chemistry,’”’ 70). AB is the vapour-pressure curve of 
the fused substance. Its direction must be such that on the right 
it lies lower than any other curve; that is, it must be nearest to the 
horizontal axis. Since rise of temperature ultimately occasions the 
fusion of all solid forms, above a certain temperature, definite for 
each substance, the liquid phase must be the most stable; in other 
words, it must have the lowest vapour-pressure. Of, is the melting- 
point of the metastable modification, which is higher than the 
transition-point: Of, is that of the stable modification. 
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AB can, however, be so situated that f, and f, are below O (Fig. 
80). Here the melting-point is lower than the transition-point O, 
so that the latter cannot be attained. The metastable modification 
then remains in the metastable state up to its melting-point, the 


Pp 


T 
Fig. 79.—ENANTIOTROPIC Fig. 80.—MonorTropic 
SUBSTANCE. SUBSTANCE. 


substance being monotropic. In the more usual case of enantiotropy, 
on rise of temperature the compound first attains the transition-point, 
then undergoes transformation, and finally melts. 


Oximes. 


337. Some of the oximes of the aromatic aldehydes and ketones 
exhibit a peculiar kind of isomerism. Thus, there are two isomer- 
ides of benzaldoxime: benzantialdoxime (a) melting at 35°; and 
benzsynaldoxime (8 or iso), which melts at 128°, and on treat- 
ment with acetic anhydride readily loses water, forming benzonitrile: 


H 


With acetic anhydride, the antialdoxime yields an acetyl-derivative. 

It has been proved that no isomerides of the ketoximes 
R 
R’ 
are dissimilar, two isomerides are known. Benzophenoneoxime 
and its derivatives furnish examples. Despite many attempts to 
prepare an isomeride, benzophenoneoxime is known in only one 
modification. When, however, hydrogen in one phenyl-group is sub- 
stituted, two isomeric oximes can be obtained. Monochlorobenzophe- 
none, CeH3-CO-CgH4Cl, monobromobenzophenone, CeHs-CO-CeH4Br. 


>C:NOH exist, when R and R’ are similar: when these groups 
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tolylphenylketone, CH3-CgHs-CO-CeHs, and anisylphenylketone, 
CH30-CgH4-CO-C.gHs, are examples of ketones which yield two 
isomeric oximes. Many other compounds of this type could be 
cited. 

After several ineffectual attempts to explain such isomerism 
by the ordinary structural formule, the following stereochemical 
explanation of the observed facts has been adopted. It is assumed 
that the three affinities of the N-atom are directed towards the 
angles of a tetrahedron, the nitrogen atom itself being situated at 
the fourth angle: 


N 


x ve 
When the three nitrogen bonds are linked to carbon, as in the 
nitriles, the following spacial representation is obtained: 


CH 


Stereoisomerism is here impossible: experience has shown that 
none of the numerous nitriles known occurs in two forms due to 
isomerism in the CN-groups. 

When, however, the nitrogen atom is linked to carbon by two 
bonds, two isomeric forms become possible: 


xX x 


7, N 
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It is apparent that different configurations for such compounds are 
only obtained when X and Y are different, since when they are 
similar the figures become identical. This agrees with the facts 
stated at the beginning of this section. 


338. It can also be determined which configuration represents 
each isomeride. The two isomeric benzaldoximes have the formule 


C,H,_C—_H C,H,—C-—_H 
and || 
N—OH HO—N 

Bepzevaidoxmne Poneartaoz te 


In formula I., H and OH are nearer together than in formula II. 
This proximity explains the facility with which one molecule of 
water is eliminated from one aldoxime (syn), and not from the other 
(anti). On this account configuration I. is assigned to the synaldox- 
ime, and configuration II. to the antialdoxime. 

The configuration of the ketoximes can be determined by ae 
BrEcKMANN transformation (112), as is made clear in the following 
example. Two isomerides of anisylphenylketoxime are known, 


CH,0-C,H,—C—C,H; CH,0-C,H,—C—C,H,; 
| and | , 
N—OH HO—N 
1 Il. 
the first melting at 137° and the second at 116°. By the BecKMANN 
transformation, the oxime of higher melting-point yields the anilide 
of anisic acid; that of lower melting-point, the aniside of benzoic 
acid. The former must therefore have configuration I., and the 
second configuration II.. because in I. the groups OH and C,H; are 
adjacent, and exchange places: 


CH,O-C,H,-C—OH  CH,0-C,H,—C=0O 


— 


N—C,H, NH—C,H, 


The anilide of anisic acid, CH,0-C,H,-COOH, is thus produced. In 
II., anisyl (CH,0-C,H,—) and OH are adjacent, and exchange places, 
yielding the aniside of benzoic acid: 


HO—C—C,H, 0=C—6,H: 
—> e 


| 
CH,O-C,H,—N CH,0-C,H,—NH 


DIAZO-COMPOUNDS AND HYDRAZINES. 


I. DIAZO-COMPOUNDS. 


339. The diazo-compounds of the aromatic series, discovered by 
Griess in 1860, are not merely of theoretical importance, but play 
an important part in the manufacture of dyes. In the aliphatic 
series only amino-compounds of a special kind yield diazo-com- 
pounds (233), while their formation is a general reaction of the 
primary aromatic amines. The property of undergoing diazotization 
is characteristic of aromatic amines. 

All diazo-compounds contain the group —No—. Hanrzscu has 
classified them in two divisions. 

Ar-N-X 

I. Substances with the structural formula {i , 
Ar represents phenyl, CgH;, and its homologues and derivatives. 
They are called dzazonium salts, and are analogous to the ammonium 
salts. 

II. Substances with the structural formula Ar-N==N-X. These 
derivatives are called diazo-compounds, and resemble the azo-com- 
pounds. They are known in two stereoisomeric modifications. 

Ar-N 
1. Compounds with the stereochemical formula ||. They 
. XE . N 
are called syndiazo-compounds, are unstable, and can be isolated only 
in certain cases. 
Ar-N 


| 


2. Compounds with the stereochemical formula oe 
N-X 


antidiazo-compounds, which are stable, 
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Intrinsically, the diazonium compounds are of slight import- 
ance, but the numerous transformations which they can undergo, 
with formation of a great number of derivatives, render them 
much more important than the diazo-compounds, and account for 
their great significance in the chemistry of the aromatic compounds. 

Diazonium compounds are formed by the action of nitrous acid 
upon the salts of aromatic amines: 


CeHs-NH2-HNO3+HNO, = 2H20+C.Hs5-No-NOsz. 


Aniline nitrate [Benzenediazonium nitrate 


This is effected by adding a solution of sodium nitrite to a solution 
containing an equimolecular proportion of the amine-salt and an 
equivalent quantity of a free mineral acid, the reaction-mixture 
being cooled by the addition of ice, as the diazonium compounds 
decompose very readily. A solution of the benzenediazonium salt 
is thus obtained. 


To isolate such a salt as benzenediazonium chloride, C>H;+N»-Cl, 
in the solid state, a small quantity of concentrated hydrochloric acid 
is added to an alcoholic solution of aniline hydrochloride, and then 
amy] nitrite, whereupon the diazonium chloride crystallizes out. The 
dry diazonium salts are excessively explosive, and must, therefore, 
be handled with great care. In aqueous solution they are harmless, 
and as they yield derivatives without being isolated, they are seldom 
prepared in the solid state. 


340. The constitution indicated for the diazonium salts is 
inferred from the fo'lowing considerations. 

The group N2X of the diazonium compounds, in which X 
represents an acid-residue, is only linked to one carbon atom of the 
benzene-nucleus, for all their transformations produce sub- 
stances containing a group likewise linked to only one carbon atom 
of the nucleus. 

In many respects the group CgH;-N2— behaves similarly to an 
alkali-metal, and still more to the ammonium radical. With strong 
mineral acids it forms colourless salts of neutral reaction, like KCl 
and NH,Cl, while its salts with carbonic acid resemble the alkali- 
metal carbonates in having an alkaline reaction, due to hydrolytic 
dissociation. The conductivity of the diazonium salts of hydro- 
chloric acid and other acids indicates that they are as strongly 
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ionized as KCl and NH,Cl. Similarly, diazonium chlorides yield 
complex platinum salts, such as (CgH;N2Cl)2PtCl4, soluble with diffi- 
culty in water. Other analogous salts, such as (CgH5N2Cl)AuCls, 
have also been obtained. Free benzenediazonium hydroxide, 
CgH;-N2-OH, is only known in the form of an aqueous solution, 
which has a strongly alkaline reaction. It is obtained by treating 
the aqueous solution of the chloride with silver oxide, or by the 
addition of the equivalent quantity of baryta-water to the sulphate. 
Like caustic-potash solution, it is colourless, but through decom- 
position gradually deposits a flocculent, resin-like substance. 

The existence of a quinquivalent N-atom in the diazonium salts, 
as in the ammonium salts, must therefore be assumed, the basic 
properties of the members of each class being due to its presence. 
Two formulz are thus possible: 


x 
N 


For reasons given in 342, the preference must be given to the second. 


CgHsN=N XG OL CgH;N < 


Benzenediazonium hydroxide is a strong base, but reacts with 
alkalis in a manner quite unknown among the strong mineral bases. 
When a diazonium salt is added to a strong solution of caustic potash, 
a potassium derivative, CsH;-N,-OK, separates out. The reaction 
takes place not only in concentrated, but also in dilute, solutions. 
When a dilute solution of benzenediazonium hydroxide is treated 
with an equivalent quantity of caustic soda in dilute solution, the 
molecular conductivity of the mixture is considerably less than the 
sum of the two electric conductivities of the solutions separately. It 
follows that a portion of the ions (CgH;N,O)’ +H’ and Na‘ +OH’, 
which have been brought into contact, have changed to the non- 
ionized state—union of H’ and OH’; that is, a salt must have been 
formed. 

Thus, the diazonium hydroxide, which is a strong base, appears 
to behave like an acid also. Since this is very improbable, Hanrzsca 
assumes that an equilibrium exists in the aqueous solution between 
the diazonium hydroxide and the syndiazohydroxide (342): 

C;sH;N-OH —C,.H;N 
— 


|| | 
| 
N HON 
Diazonium synDiazo- 
hydroxide hydroxide 


He supposes that the alkali-metal compounds are derived from 
the latter substance. 
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Reactions of the Diazonium Compounds. 


341. Many of the reactions of the diazonium compounds are 
characterized by the elimination from the molecule of the group 
—N,— as free nitrogen, and its replacement by a substituent linked 
by a single bond to the benzene-nucleus. Extended research has 
revealed the conditions best suited for obtaining nearly quantita- 
tive results in most of these reactions. 

1. Replacement of the No-group by hydroxyl.—This reacticn is 
effected by allowing the aqueous solution of the diazonium salt to 
stand, or by warming it: 


CeHs-No-Cl +HOH = CgH;-OH +N2+HCl. 


2. Replacement by an alkoxyl-group, —C-C,Ho,41.—This re- 
placement is carried out by boiling a diazonium salt with alcohol: 


CeHs 0 No 9 HSO4 +H O -CoHs = CgH;O0 -CoHs +No +H.SO«. 


3. Replacement of the diazonium-group by hydrogen.—Under cer- 
tain conditions the diazonium salts do not yield alkoxyl-compounds 
with alcohols, but produce the corresponding hydrogen compound, 
the alcohol being converted into aldehyde: 


NO»: CeH4 -No- Cl+ C.H;0H = NOs : CeHs +C,H,0 + No +HCl. 
p-Nitrobenzenediazonium Nitro- Acetal- 
chloride benzene dehyde 


By this treatment, p-diazobenzenesulphonic acid, 


sO 
SO,H 5 
Oe gg Oo CHR 


? 


to 
NES! 


when treated with methyl alcohol under diminished pressure, yields 
only benzenesulphonic acid, the diazonium-group being therefore only 
replaced by hydrogen. Under a pressure of thirty atmospheres, 


however, only anisolesulphonic acid, C,H, Soe is formed, N2 being 
3 
replaced by the methoxyl-group, —OCH;. 


4. Replacement of the diazonium-group by halogens.—This reac- 
tion is effected by treating a solution of diazonium chloride either 
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with cuprous chloride dissolved in concentrated hydrochloric acid 
(SANDMEYER), or with finely-divided copper (GATTERMANN): 


CgHs-No-Cl = CeHs-Cl+No. 


Cuprous chloride and finely-divided copper have a catalytic 
action: it is probable that a copper compound is formed as an inter- 
mediate product, and afterwards decomposed. 

Replacement by bromine is carried out similarly: thus, in the 
preparation of bromobenzene, a solution of potassium bromide is 
added to an aqueous solution of benzenediazonium sulphate con- 
taining free sulphuric acid; on addition of copper-dust to this mix- 
ture, nitrogen is evolved, and bromobenzene formed. 

Replacement by iodine takes place readily when a warm solution 
of potassium iodide is added to a diazonium-sulphate solution: it is 
unnecessary to employ copper or cuprous chloride. 


5. Replacement of the diazonium-group by the CN-group.—This 
replacement, too, readily takes place in presence of copper com- 
pounds. The solution of the diazonium salt is added to one of 
potassium cuprous cyanide: 


CeHs < No -Cl + KCN Sey CeHs -CN + No 35 KCl. 


This reaction is of great importance for the synthesis of aromatic 
acids, which can be obtained by hydrolyzing the resulting nitriles. 


6. Other reactions.—When diazonium salts react with sulphuretted 
hydrogen, compounds containing sulphur linked to the benzene- 
nucleus are produced. By this treatment, benzenediazonium chlo- 
ride yields phenyl sulphide, (CsHs).S8, two molecules of the chloride 
reacting with one of sulphuretted hydrogen. 

The N.-group can also be replaced by aromatic hydrocarbon- 
residues. Thus, diphenyl, CgsH;-CgH;, is obtained by treating dry 
benzenediazonium chloride with benzene in presence of a small 
quantity of aluminium chloride: 


C,H; “Ny S Cl ah H . C,H; a CoH: CoH; = N, ae HCl: 


These reactions illustrate the importance of the diazonium salts 
as intermediate products in the preparation of numerous sub- 
stances. Since they are derived from the amines, which are pre- 
pared by the reduction of nitro-compounds, it is evident that the 
nitration of aromatic derivatives is a reaction of great importance, 
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for the nitro-group can be replaced at will by almost all other ele- 
ments or groups by means of the amino-compounds and diazonium 
compounds. 


342. Hanrzscu has explained the reactions of the diazonium 
compounds by assuming that they themselves do not enter into 
reaction, but are first converted into syndiazo-compounds, which 
then decompose with evolution of nitrogen. The formation of 
phenol must be represented thus: 


C,H; OH C,H; OH C,H;OH 
| — Phenol 
Y==N + =HCl+ N—N iN==Nis 
| synDiazo- 
Cl H hydroxide 
Diazonium 
chloride 
and that of chlorobenzene thus: 
Cal. Cl C,H; Cl C,H,Cl 
| | —  Chlorobenzene 
Nea al iF = HCl+ N—N NZ=N- 
ay | i | synDiazo- 
Cl H chloride 


The reactions between diazonium salts and alcoho* are explained 
as follows: 
CoH; OC,H; (ae ee) C.H;—OC,H; {Formation of a 
— 


mixed ether. } 


NEN +| N==N N=N 
Cl H Cl—H CI—H 
C,H; H C,H;—H [Formation ofa hydrocarbon.) 
N=N+ | NEN 
Cl C,H;O ClOC,H, (Decomposition into HCland aldehyde, CzH,0.] 


As these transformations of diazonium salts cannot be repre- 
sented by the aid of the other possible structural formula, 
CyH,:N=N-X, it is evident that it must be rejected (340). 

Most of the syndiazo-compounds are very unstable. They 
change readily into antidiazo-compounds, in which it is assumed 
that the phenyl-group and acid-residue are not contiguous, and 
therefore can no longer unite: 


O.H, X CoH; 
N=N 
N=—N | 
xX 
synDiazo-compound; antiDiazo-compound: 


CeH; and X can unite CeHs and X cannot unite 
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In certain cases, such as that of the diazocyanides, Hantzscu has 
been able to isolate these intermediate products, and thus afford a 
proof of these views. For example, when cyanides are added to 
diazotized p-chloroaniline,  Cl+CgHy-NH», _ p-chlorobenzonitrile, 
Cl-C,H,-CN, is not immediately formed: it js possible to isolate a 
yellow intermediate product, Cl-CsH,-N,-CN, which yields p- 
chlorobenzonitrile after addition of copper-dust, the action being 
accompanied by an energetic evolution of nitrogen. This yellow 
intermediate p-chlorobenzenesyndiazocyanide is, however, very un- 
stable, and speedily changes to an isomeride (the anti-compound) 
which does not react with copper-dust. Stereochemical theory thus 
affords a satisfactory explanation of the observed phenomena. 

It might be suggested that the unstable primary product is dia- 
zonium cyanide, 

ers “CN 


Qf 


It is evident that it is not, for such a cyanide must have properties 
analogous to those of potassium cyanide; it must be colourless, like 
the other diazonium salts, and it must have an alkaline reaction in 
aqueous solution, and conduct electricity, whereas the unstable 
primary product possesses none of these properties. 

Moreover, an anisole derivative, CH;0-C,H,N.:CN, was discov- 
ered by Hanrzscu, which must be looked upon as a diazonium 
cyanide, since its aqueous solution exhibits all these properties. 

The antidiazoxides, or antidiazotates, 


are readily converted by addition of acids into nitrosoamines. Free 
antidiazohydroxides, or antidiazohydrates, react thus: 


Ar-eN Ar-NH 
| = eee 
N-OH NO 
antiDiazohydroxide Nitrosoamine 


The relation of these two classes of compounds to each other is 
that of acids to pseudo-acids. The antidiazohydroxides exhibit the 
reactions characteristic of the hydroxyl-group, and most of them 
are—especially in solution—very unstable. They are rapidly con- 
verted into the corresponding pseudo-acids, or nitrosoamines, from 
which alkalis at once regenerate the corresponding antidiazoxides. 
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In accordance with the foregoing formula, the nitrosoamines, 
unlike the antidiazohydroxides, are indifferent towards reagents for 
the hydroxyl-group. Their pseudo-acidic character is indicated by 
the facts that they are non-electrolytes of neutral reaction, and do 
not form salts with ammonia. 


343. The importance of the diazonium compounds is not con- 
fined to reactions in which the nitrogen atoms are eliminated, since 
important derivatives in which they are retained are known. 

1. Diazoamino-compounds are obtained by the action of primary 
and secondary amines upon diazonium salts: 

CgHs-No-|Cl+H|NHC.gHs = CgH;-No-NHC,H; +HCIl. 
oe : oe) ee 3: ihe eee 
They are also produced when nitrous acid reacts with free aniline, 
instead of with an aniline salt. It may be supposed that in this 
reaction benzenediazonium hydroxide, or benzenediazohydroxide 
is first formed, and is at once attacked by a molecule of the aniline 
still present: 

ue CgH;-NHe +HNO, = CgH;-N2-OH +H,0. 

Li: CeHs-No: OH +H NHC,H; = CeHs-N:N-NHC,.H; +H,0. 
Benzenediazohydroxide 
The diazoamino-compounds are crystalline, and have a yellow 


colour. They do not unite with acids. In acid solution, they are 
converted by treatment with nitrous acid into diazonium salts: 


CeHs -N:N- NHC,H; +HNO, +2HCl = 2CegHs ° No -Cl +2H.0. 
The most characteristic property of the diazoamino-compoundg 


is the readiness with which they can be transformed into isomerides, 
the aminoazo-compounds: 


CeHs-N: N—NH(Q )H Orin: NC NED. 


Diazoaminobenzene Aminoazobenzene 
This is effected by adding aniline hydrochloride toa solution of 
diazoaminobenzene in aniline, and warming the mixture on the 


water-bath. 

The amino-group in aminoazobenzene is in the para-position to 
the azo-group. When the para-position is already occupied, the 
amino-group takes up the ortho-position. Aminoazobenzene and 
many of its derivatives are dyes (361). 
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The equation indicates that the transformation of diazcamino- 
benzene into aminoazobenzene is a unimolecular reaction (“Inor- 
ganic Chemistry,” 50). GoLtpscumipt proved by experiment that 
this view is correct. He dissclved diazoaminobenzene in aniline, and 
determined the quantity of diazoaminobenzene still present after the 
lapse of known periods of time. 

The aniline hydrochloride added in this reaction has merely a 
catalytic, accelerating effect upon the reaction, as is proved, inter 
alia, by the uniform rise in the velocity-constant with increase in 
the amount of aniline hydrochloride. 


2. Diazonium salts unite with tertiary amines at the para- 
position: 
CeaHs -No-(Cl+H, CeH4 : N(CH3)2= CeHs -N:N -CeH4 > N(CHs3)2 +HCl. 
Dimethylaniline Dimethylaminoazobenzene 
3. They react similarly with phenols, forming hydroxyazo-com- 
pounds. This combination takes place in presence of alkalis: 
CeHs «No: (Cl +H|CgH,OH = CeHs -N:N -CgH,OH +HCl. 


Phenol Hydroxyazobenzene 


Important dyes are also derived from hydroxyazobenzene (363). 


II. HYDRAZINES. 


344. The typical derivative of hydrazine is phenylhydrazine, 
CsH;5-NH-NHa, referred to several times in the aliphatic series in 
connection with its action on aldehydes, ketones, and sugars (112, 
205, and 209). It is formed by the reduction of the diazonium 
salts; for example, from benzenediazonium chloride by the action 
of the calculated quantity of stannous chloride dissolved in hydro- 


chloric acid: 
CgH;-No-Cl+4H = CgHs-NH—NH2-HCI. 


It can also be obtained by transforming the diazonium salt into a 
diazosulphonate by means of an alkali-metal sulphite, reducing the 
diazosulphonate with zinc-dust and acetic acid, and eliminating the 
sulpho-group by boiling with hydrochloric acid: 

if CgHs-Ne2:Cl +NaySOz = CeHs-N:N-SO3Na +NaCl. 


Sodium diazobenzenesulphonate 


IT. CeHs-N:N-SOsNa +2H = CgH;-NH-NH-SO3Na. 


Sodium phenylhydrazinesulphonate 


Bis CgsH;-NH-NH-SO3Na +H,O = CsH;-NH-NHo2 +NaHS0Ox,. 


Phenylhydrazine 
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In practice, this apparently roundabout way is simple, since the 
intermediate products need not be isolated. It is sufficient to 
mix solutions of the diazonium salt and of the sulphite, add the 
acetic acid and zinc-dust, and filter off the excess of zinc. The 
filtrate is then boiled with fuming hydrochloric acid, whereupon 
the hydrochloride, CgH;-NH-NH,2-HCl, separates out, being soluble 
with difficulty in water, and almost insoluble in hydrochloric acid. 

Phenylhydrazine is a colourless, oily liquid, turning brown in 
the air. Its melting-point is 19-6°, and its boiling-point 241°: 
when boiled under ordinary pressure, it undergoes slight decom- 
position. It is only slightly soluble in water. 

Phenylhydrazine is decomposed by energetic reduction into 
aniline and ammonia. It is very sensitive towards oxidizing agents, 
its sulphate being oxidized to the diazonium salt by mercuric oxide. 
Oxidation usually goes further, however, the nitrogen being elimi- 
nated from the molecule. Thus, an alkaline copper solution con- 
verts it into water, nitrogen, and benzene. Phenylhydrazine has a 
wholly basic character: it yields well-defined crystalline salts. 

Phenylhydrazine is proved thus to have the constitutional for- 
mula CgsH;-NH-NH». A secondary amine is converted by nitrous 
acid into the corresponding nitrosoamine: 


H NO 
CesHs:-N — CgH;-N F 
Cur CH s tag ia CH, 
Monomethylaniline Nitrosomethylaniline 


On careful reduction, this substance yields methylphenylhydrazine, 
Gio. which can also be obtained from phenylhydrazine 
3 


by the action of sodium, one hydrogen atom being replaced by the 
metal. On treatment of this sodium compound with methyl! iodide, 
the same methylphenylhydrazine is formed: 


CsH;-NH-NH»2 — CgH;-N < eee — CeHs-N < foe 


COMPOUNDS CONTAINING AN UNSATURATED SIDE-CHAIN. 


Hydrocarbons. 


345. Styrole, C,H;-CH: CH, derives its name fromits occurrence in 
storax. It can be obtained from cinnamic acid, C,H;-CH: CH:COOH, 
by heating it, whereupon carbon dioxide is eliminated. It is a 
liquid of agreeable odour, and boils at 146°. On treatment with 
nitric acid, it yields nitrostyrole, C,H;-CH:CH->NO,, with the nitro- 
group in the side-chain. The constitution of this compound follows 
from its formation by the condensation of benzaldehyde with nitro- 
methane, under the catalytic influence of alcoholic potash: 


H 
Ce.H;:C O +H, CH-NO, — CsH;-CH:CH-NO, +H,0. 


Phenylacetylenc, CgH;-C=CH, can be obtained by treating 
acetophenone with phosphorus pentachloride, and acting on the 
resulting compound, C,H;-CCl,-CH,, with caustic potash; or from 
phenylpropiolic acid, CgH;-C:C-COOH, by heating its cupric salt 
with water. In many respects it resembles acetylene; for example, 
it yields metallic derivatives. On solution in concentrated sulphuric 
acid, it takes up one molecule of water, forming acetophenone. 


Aicohols and Aldehydes. 

346. Cinnamyl alcohol, C5H;-CH:CH.CH,OH, is the only repre- 
sentative of the unsaturated alcohols which need be mentioned. It 
is a crystalline substance with an odour of hyacinths, and is present 
as an ester in storax. Careful oxidation converts it into cinnamic 
acid (348), and more vigorous oxidation into benzoic acid. 

ap Isl : : 

347. Cinnamaldehyde, C.H;-CH:CH-Co, is the chief constituent 
of oil of cinnamon, from which it can be obtained by means of its 
sulphite compound. It is an oil of agreeable odour, and boils at 
246°. It is resinified by strong acids, and with ammonia yields 
hydrocinnamide, N,(C,H,C,H,),, analogous to hydrobenzamide (335). 


Acids. 

348. Cinnamic acid, CeH5-CH:CH-COOH, is the most im- 
portant unsaturated acid. It is present in some balsams, and in 
storax. It is manufactured by a synthetic method discovered by 
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Str Witi1amM Perkin. Benzaldehyde is heated with acetic anhy- 
dride, in presence of sodium acetate as a catalyst: 


CcH-Cl) + HCH -CO-0.CO-CH3=CsHs-CH:CH-CO-0.CO-CHg; 
Benzaldehyde Acetic anhydride ; 
+H,O = CgH;-CH:CH-COOH + HO-CO-CHs3. 
Cinnamic acid Acetic acid 

Perkin’s synthesis can be carried out with substituted benz- 
aldehydes on the one hand, and with homologues of acetic acid or 
with dibasic acids on the other, so that it is possible to obtain a 
great number of unsaturated aromatic acids by its aid. 


Cinnamic acid can also be got by the action of benzal chloride 
(351), C,H;-CHCl,, upon sodium acetate. It can further be synthe- 
sized by the condensation of malonic acid with benzaldehyde, which 
takes place readily under the catalytic influence of ammonia, one 
molecule of carbon dioxide being eliminated: 


H, +0 


(HOOC),C 


Malonie acid 


eae = (,H,-CH:CH-COOH +CO, +H,0. 


Cinnamic acid is a crystalline substance, melts at 134°, and dis- 
solves with difficulty in cold water. In all respects it possesses the 
character of a substance with a double bond, and therefore forms 
addition-products and reduces von BArYER’s reagent (123). 

Its constitution indicates that two stereoisomerides are possible: 
CsH;—C—H C.H;—C—H 
|| and || ‘ 
H—C—COOH COOH—C—H 

Four isomerides, however, are known: ordinary cinnamic acid; 

allocinnamic acid, melting at 68°; and two isocinnamic acids, melting 

at 58° and 42° respectively. Btuman has proved that the last 
three acids are modifications of a single form, and therefore afford 
an example of trimorphism. On inoculating the liquid, obtained by 
fusion of any of them, with one of the forms, that form crystallizes 
out. Allocinnamic acid and the zsocinnamic acids can be prepared 
by partial reduction of phenylpropiolic acid, C,H,-C=C+COOH (345) ; 
and must, therefore, have the cis-configuration (I.), as is evident 
from a model. It follows that ordinary cinnamic acid has the 
trans-configuration (II.): 


H-O-C,H, CH; ; H 
| Mh, | 

H-C:-COOH H:-C:-COOH 
Cis Trans 


It can be converted into the cis-acids by the action of the ultra- 
uviol”’ lamp. 


ce 


violet rays of a 


POLYSUBSTITUTED DERIVATIVES CONTAINING 
SIMILAR SUBSTITUENTS. 


349. The number of polysubstituted derivatives of benzene and 
its homologues is very great. The hydrogen atoms of these hydro- 
carbons can be replaced not only by two or more similar groups, 
but also by two or more different groups. For each disubstitution- 
product and for each trisubstitution-product of benzene three 
isomerides are possible when the substituents are similar. In the 
homologues of benzene, substitution can take place wholly or partly 
in the side-chain: thus, the following isomerides are theoretically 
possible for a compound C7H¢Cle: 


Cl 
em Den Den Oa 
CECI che Cl Cl 
(1) (2) (3) (4) 
C] Cl 
Sn Dan Dane 
Ci Cl 
(5) (6) 7) 
< ScHLCl cK CH.CI < cH, 
a (9) (10) 


A large proportion of the numerous theoretically possible com- 

pounds is known. Only a few typical examples can be considered. 

It would be impossible to describe the determination of position 
440 
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—orrentation—of the substituents in each of these compounds: a 
summary of orientation-methods is given in 398 to 403. 


I. POLYSULPHONIC ACIDS. 


350. When benzene and its homologues are treated with fuming 
sulphuric acid, disulphonic acids and trisulphonic acids, very similar 
in properties to the monosulphonic acids, are formed. Thus, benzene 
yields m-benzenedisulphonic acid, which is partially converted into 
p-benzenedisulphonic acid on prolonged heating; but heating with 
concentrated sulphuric acid partially reconverts p-benzenedisul- 
phonic acid into the meta-form. 


Il. POLYHALOGEN DERIVATIVES. 


351. The aromatic polyhalogen derivatives can be obtained by 
the direct action of chlorine or bromine upon the aromatic hydro- 
carbons. If one halogen atom is already present, substitution 
takes place principally in the p-position, a small quantity of the 
o-compound being also formed. m-Dichlorobenzene or m-dibromo- 
benzene is obtained from m-dinitrobenzene (359) by reducing to 
diamine and subsequently diazotizing. It has been found possible 
by prolonged halogenation to replace the six hydrogen atoms of 
benzene by halogen. Jutins’s chlorocarbon, CeCls, is thus ob- 
tained in the form of colourless needles melting at 229°. It has not 
been possible to replace all the hydrogen atoms in toluene by 
chlorine: it has only been converted into tetrachlorobenzotrichloride, 
CgHCl4- CCls, or into pentachlorobenzal chloride, CgCl5-«CHClo. On 
further chlorination, the molecule is decomposed. Examples of 
this phenomenon are also found in the aliphatic series. 

The same methods can be employed in the preparation of the 
polyhalogen derivatives of the homologues of benzene as have been 
described for the monohalogen derivatives (299). If it is desired to 
substitute only its methylhydrogen atoms, toluene is treated with 
chlorine or bromine at the boiling-point: there are obtained in suc- 
cession benzyl chloride, CgH;-CH-Cl, benzal chloride, CgHs-CHCle, and 
benzotrichloride, CeH;-CCls. When the object is to substitute hydro- 
gen only in the ring, chlorine is allowed to react at ordinary tem- 
peratures in presence of a trace of iodine. To prepare a compound 
such as CgH4Cl-CH.Cl, both methods must be employed in succes- 


sion. 
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Benzal chloride, CgH;-CHCl, (B.P. 206°), and benzotrichloride, 
CeH5-CCl3 (B.P. 213°), are of technical importance. Benzaldehyde 
(335) is obtained from the former, and benzoic acid (331) from the 
latter. 


Benzene and some of its homologues also yield addition-products 
with chlorine and bromine. From benzene 1s obtained benzene hexa- 
chloride, CgHgClg, and benzene hexabromide, CgHeBrz. Both are got 
by treating benzene with excess of the halogen in presence of sun- 
light. The chlorine derivative exists in two isomeric forms, 


Ill. POLYHYDRIC PHENOLS. 


352. Phenol is much more readily attacked by oxidizing agents 
than benzene (303). The polyhydric phenols possess this property 
to an even greater extent, many of them behaving as powerful 
reducing agents when dissolved in alkalis. 


Dihydric Phenols. 


353- The o-compound, CH, ae a catechol (“ pyrocatechol ”” 


or ‘“pyrocatechin’’), is a constituent of many resins, and can be 
prepared by fusing o-phenolsulphonic acid with caustic potash. 
Catechol is crystalline and readily soluble in water, alcohol, and 
ether. It melts at 104°. Its alkaline solution is first turned green 
by atmospheric oxidation, and then black. Its aqueous solution 
precipitates metallic silver from silver-nitrate solution at ordinary 
temperatures, and gives a green coloration with ferric chloride. 


The monomethyi ether, oats a8 - is called guazacel: it is 


present in the tar obtained by the dry distillation of beechwood. 
When heated with hydriodic acid, guaiacol yields catechol! and 
methy! iodide. 


Resorcinol (‘‘resorein ’’), or m-dihydroxybenzene, CeH4< on 


can be obtained by fusing m-phenylenedisulphonic acid, 


SO3H 1 


ture. It yields a deep-violet coloration with ferric chloride: 


, with caustic potash, the method for its manufac- 
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bromine-water converts it into ¢ribromoresorcinol. It is a colourless, 
crystalline substance melting at 118°, and is readily soluble in 
water, alcohol, and ether. It quickly turns brown, owing to the 
action of the air. 

Quinol (“hydroquinone ”’), or p-dihydroxybenzene, melts at 
169°. Its chief characteristic is the loss on oxidation of two hydro- 
gen atoms with formation of quinone, CgH4O2 (356), which is readily 
reconverted into quinol by reduction. The reducing effect of quinol 
is employed in photography for the development of negatives. With 
ammonia it gives a red-brown coloration, due to the formation of 
complex derivatives. Like its isomerides, it is readily soluble in 
water. 


Trihydric Phenols. 
354. Pyrogallol (‘‘pyrogallic acid ”’), 


/OH il 
CsH3;—OH 2, 
NY 

OH 3 


is obtained by heating gallic acid (388), COz being split off: 
CeHe (OH)3 -COOH = CsH3(OH)3 +CQOo. 


Gallic acid Pyrogallol 
Pyrogallol forms crystals melting at 132°, and is readily soluble 
in water. It is a strong reducing agent in alkaline solution: for 
example, it rapidly absorbs the oxygen of the atmosphere, with for- 
mation of a. brown coloration. For this reason it is employed in 
gas-analysis to remove oxygen from mixtures. It also finds appli- 


cation as a developer in photography. 
OH 1 
Phloroglucinol (symmetrical trihydroxybenzene), re ee 2, 


is formed by fusing various resins with caustic potash. It is 
crystalline, and gives a deep-violet coloration with ferric chloride. 
A remarkable synthesis of phloroglucinol has been discovered by 
von Banyrer. When diethyl sodiomalonate (166) is heated with 
diethyl malonate, three molecules condense, with elimination of 
four molecules of alcohol and one molecule of carbon dioxide: 
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C,H;0)/CO 


Hine ee 
HCNa Na 


oe 
C,H;0|CO ae 
| H] ve 
[COO] [C:Hs +HO}H. 


CO 


COOC.H;— 
ot H|—COOC.H; 


OC2Hs5 a 


eX 
COOC,H;—CNa CNa—COOC2H5 
CH 
Moore has shown that during the condensation one ethy]-car- 
boxyl-group is eliminated, and that acidification of the condensa- 


tion-product replaces the sodium atoms by hydrogen, with forma- 
tion of diethyl phloroglucinoldicarboxylate, 


CO 


a 
CO0C2H;- HC eas 


When this substance is fused with caustic potash, the ethyl-car- 
boxyl-groups (—COOC:H;) are replaced by hydrogen, phloro- 
glucinol resulting. 


Phloroglucinol should therefore have constitution I. 


CO 
ZA . 
Be CH, HO ee 
oc A £0 Hoe 
CH, OH 

tT: Ts 


In other words, it is a hexamethylene in which three of the methyl- 
ene-groups, =CH2, have been replaced by carbonyl, =CO: it must, 
therefore, be called triketohexamethylene. It has been proved that 
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phloroglucinol does behave as though it had this constitution: thus, 
with three molecules of hydroxylamine it yields a trioxime. On the 
other hand, phloroglucinol has the character of a phenol: for example, 
it yields a triacetate with acetyl chloride. It exists, therefore, in 
two tautomeric forms—as a hexamethylene derivative, I., and as 
trihydroxybenzene, II. 

This is a remarkable example of the alteration of the positions of 
the atoms (the hydrogen of the OH-groups) in the molecule, result- 
ing in,the conversion of a benzene derivative into a derivative of 
hexamethylene. 

This view explains the interaction of phloroglucinol, and other 
polyhydric phenols, and a mixture of caustic potash and an alkyl 
iodide to form derivatives with alkyl-groups attached to carbon and 
not to oxygen; for the hydrogen in the methylene-groups of the 
tautomeric form must be replaceable by metals (200). 


Higher Phenols. 


355. The chief of the higher phenols is hexahydroxybenzene, 
C.(OH),. Its potassium derivative, potassiwm carbonyl, Ce6(OK)s, 
is formed in the preparation of potassium, and acquires an explosive 
character on exposure to the air (“Inorganic Chemistry,” 227). It 
can be obtained by heating potassium in a current of carbon monox- 
ide, a direct synthesis of a derivative of benzene. Distillation with 
zine-dust converts hexahydroxybenzene into benzene. It is a white, 
crystalline substance, and undergoes oxidation very readily. 


IV. QUINONES. | :: 


356. The quinones are substances derived by the elimination 
of two hydroxyl-hydrogen atoms from aromatic dihydroxy-deriva- 


tives: 
CgH4(OH).—2H = CeH40o. 


Dihydroxybenzene Quinone 


The simplest quinone is benzoquinone, CgH4Oe: it is also called 
quinone. It is obtained by the oxidation of many p-derivatives of 


benzene, such as p-aminophenol He i: sulphanilic acid, 


Carla a i y and p-phenolsulphonie acid, CgHy< oe H rc and 


also by the oxidation of aniline with chromic acid—the ordinary 
method of preparation. It is also formed in the oxidation of quinol 
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(353), though the latter is usually prepared by the reduction of 
quinone. 


o-Dihydroxybenzene or catechol can also be converted by the 
action of silver oxide into an unstable quinone. m-Dihydroxyben- 
zene or resorcinol does not yield a quinone. 


The quinones are yellow, and have a peculiar, pungent odour. 
They volatilize with steam with partial decomposition, and have 
oxidizing properties. The constitution of benzoquinone is best 
expressed by 


Such a formula requires that benzoquinone should be a diketone, 
and contain two doubie bonds: its properties show that it fulfils 
both conditions. Its ketonic character is inferred from its yielding 
with hydroxylamine first a quinone mono-oxime (381), and then a 
quinone-droxime: 


C=NOH _ C=NOH 
oS aes 
HC CH HC © “CH 
fl ere lie wy sort oar aS eee 
HC CH HC CH 
A Se 
CO C=NOH 


The presence of double linkings is proved by its power of forming 
addition-products: benzoquinone in chloroform solution can take 
up four atoms of bromine. According to this constitution, benzo- 
quinone is not a true benzene derivative, but the p-diketone of a 
dihydrobenzene: 
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357. Some apparent exceptions to HaBer’s scheme (327) for the 
electro-reduction of nitro-compounds are explained by assuming 
that quinone derivatives are formed as intermediate products. These 
exceptions have been observed in the reduction of higher-substituted 
nitrobenzene derivatives in alcoholic-alkaline solution. According 
to the scheme, azo-derivatives should be the chief products under 
these conditions, whereas in some instances amines are principally 
produced. Thus, the main product obtained from p-nitroaniline is 
p-phenylenediamine, while under the same conditions m-nitro- 
aniline in a normal manner yields m-diaminoazobenzene. ‘This dif~ 
ference, however, is explained by the fact that p-nitroaniline gives 
rise to quinone derivatives, whereas m-nitroaniline does not: on 
reduction of p-nitroaniline to the corresponding hydroxylamine, this 
compound loses one molecule of water, yielding quinone di-imide: 

NH,-C,H,-NO, — NH,-CsH,-NHOH — NH:C,H,:NH. 


p-Nitroaniline p-Aminophenylhydroxylamine Quinone di-imide 
The di-imide can be reduced to p-phenylenediamine: 


NH:C,H,:NH+2H = H,N-C,H,- NH). 
p-Phenylenediamine 
m-Nitroaniline is unable to form a quinone derivative, and is, there- 
fore, reduced normally in accordance with the scheme 


NO C.H,-N—N-C,H, 
NH, | \o% | +H,0. 

NH, NH, 

358. Pentamethylene yields remarkable quinones, obtained by 
the oxidation of hexahydroxybenzene in alkaline solution. Among 
them is crocome acid, C;H,O;, which has an intense yellow colour, 
and is converted by weak reducing agents into a colourless substance, 
oxidizable to croconic acid. On oxidation, croconic acid is trans- 
formed into leuconie acid, C;0;+4H,O. This compound has the 
constitution 


NO, NHOH 
Csi <n, = CH, “NH, +CoH, << 


cO-CO 
ahaa 
OK CO +4H,0, 


since it yields a pentoxime of the formula (C: NOH). 


V. POLYNITRO-DERIVATIVES. 
359. m-Dinitrobenzene is obtained by the nitration of benzene 
with a mixture of concentrated sulphuric acid and fuming nitric 
acid. It forms colourless needles melting at 90°. On reduction, it 
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yields m-phenylenediamine, and is therefore employed in the prepara- 
tion of aniline dyes: it is also used in the manufacture of explo- 
sives, since it can be exploded by mercury fulminate. In addition 
to the m-compound, small quantities of o-dinitrobenzene and traces 
of p-dinitrobenzene are formed. Stronger nitration, effected by a 
mixture of nitric acid and fuming sulphuric acid heated to 140°, 
converts m-dinitrobenzene into symmetrical trinitrobenzene (1:3:5), 
which melts at 121°. 

The hydrogen atoms and nitro-groups in the polynitrobenzenes 
are much more readily replaced than those in mononitrobenzene. 
Thus, m-dinitrobenzene is converted by oxidation into 2:6-dinitro- 
phenol, and trinitrobenzene into 2:4:6-trinitrophenol, or pierie acid: 


NO; — ~ NOs NO» NO, 
a OH. NOM = eNO OH 
cS NR ae ge rea oN 
NO. ~ NO» NO, NO» 


By the action of sodium ethoxide and methoxide respectively 
one of the nitro-groups in o-dinitrobenzene and p-dinitrobenzene 
can be replaced by OC2Hs and OCH3: 


OCH3 


NO> +NaNOs. 


CoHa <2 +NaOCH, = CH 
It is remarkable that this substitution does not take place with 
m-dinitrobenzene. 
When boiled with caustic soda, o-dinitrobenzene yields o-nitro- 
phenol, and when heated with alcoholic ammonia, o-nitroaniline: 


(NO» 1+NalOH OH 
CeH4 = NaNO» +CeH4s C 
CHa < ee : +HNH: = (Osali <x ane +HNOQg. 


Trinitrobutylzylene, containing a tertiary butyl-group, has an 
odour resembling musk. It is a perfume, and is called “artificial 
musk.” 
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VI. POLYAMINO-COMPOUNDS AND THEIR DERIVATIVES. 
360. Polyamino-compounds are obtained by the reduction of 
polynitro-derivatives. m-Phenylenediamine, Cola <n? - is got 
2 


from benzene by nitration and subsequent reduction. 

p-Phenylenediamine can be prepared by the reduction of amino- 
azobenzene (343) With tin and hydrochloric acid, aniline being also 
formed: 


1 4 1 4 
CeHs-N: N-CeH4-NH2 = CeH;-NHo +H.2N-CgH4-NHo. 


Ortho-diamino-compounds react readily with 1:2-diketones, 
yielding quinozalines: 

A \N=C—R 
= | | | +2H,.0. 

\ / N=C—R’ 


Like the polyhydric phenols, the polyamino-compounds are very 
readily oxidized. They are colourless, but many of them are turned 
brown by oxidation in the air. 


Azo-dyes. 


361. The azo-derivatives of the polyamino-compounds are 
known as azo-dyes. They are of great technical importance, being 
extensively employed in dyeing wool, silk, and cotton. They are 
azobenzenes in which hydrogen atoms have been replaced by 
amino-groups. They are not the only dyes: derivatives of azoben- 
zene with hydrogen replaced by hydroxyl or by the sulpho-group 
can likewise be employed in dyeing. Some of these compounds will 
also be described. 

It is necessary first to state certain facts regarding dyes in 
general. It has been proved by experiment that not every colour- 
ing-matter can dye the substances named above; that is, colour 
them so that the dye cannot subsequently be removed by rubbing, 
or washing with water or soap. It is necessary, therefore, to draw 
a distinction between coloured substances and dyes: for example, 
azobenzene has a deep yellowish-red colour, but is not adye. The 
introduction of an amino-group, however, converts it into a dye, 
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aminoazobenzene. Wrrr has propounded the theory that the 
colouring-power of a compound depends upon two factors. The 
first of these is the presence of certain groups, which he calls chromo- 
phores, among them being the azo-group, —N—N—, the nitro- 
group, and others. Substances containing a chromophore-group, 
along with NH», OH, SO3H, or in general any group which 
imparts to them an acidic or basic character, are dyes: this is illus- 
trated by aminoazobenzene. Another example is nitrobenzene, 
which has a pale-yellow colour, and contains the chromophore 
nitro-group, but is not a dye: on the other hand, p-nitroaniline and 
p-nitrophenol are dyes. 


362. It is often sufficient to immerse the silk, wool, or cotton to: 
be dyed in a solution of the dye. Although primarily dissolved, the 
dye cannot be removed by washing the fabric after dyeing. The dye 
must, therefore, have undergone a change. It is assumed that it 
unites with the constituents of the animal or vegetable fibres to form 
a compound, a kind of salt, since dyes always have a basic or acidic 
character. A proof of this is given for rosaniline (426). 

The fabric does not always take up the dye when immersed in 
its solution. It has been repeatedly observed that dyes which be- 
come directly fixed on animal fabrics, such as silk and wool, do not 
dye vegetable fabrics, like cotton, unless the znatere to be dyed has 
undergone a special process, called “mordanting ”: that is, a sub- 
stance must be deposited in the fabric to “fix ” the dye, since it will 
not unite with the fibres themselves. Such substances are called 
“mordants ”: they are usually salts of weak bases, or acids. Such 
are aluminium acetate; ferric salts; compounds of tin, such as 
“pink salt,’’ SnCl, 2NH,Cl. The woven material is thoroughly 
soaked in a solution of one of these salts, and then spread out and 
exposed to the action of steam at a suitable temperature. The salt 
undergoes hydrolytic dissociation, and the base or acid, for example 
aluminium hydroxide or stannic acid, is deposited in a fine state of 
division in the fabric. The dye unites with this base or acid, forming 
an insoluble, coloured compound which is not removed by washing. 


363. Azo-dyes are obtained by treating diazonium chlorides: 
with aromatic amines or with phenols: 


CyHs+ No[C CFA] N(CHs)2=CoHs-N: N-CsH,:N(CH3)o+HCI; 


Diazonium chloride Sint Dimethylaminoazobenzene 


CeHs- No (+a I SoH = CgH;-N:N-CgH4-OH +HCl. 


Hydroxyazobenzene 


§§ 364, 365] AZO-DYES. 451 


Basic and acidic dyes respectively are produced. It is mentioned 
in 343 that the combination of a diazonium chloride and an aro- 
matic amine sometimes yields the diazoamino-compound as an 
intermediate product, which can be converted into the aminoazo- 
derivative by warming with the amine hydrochloride. In this for- 
mation of aminoazo-compounds and hydroxyazo-compounds, the 
para-H-atom always reacts with the diazonium chloride: when 
this atom is replaced by a substituent, the formation of dye either 
does not take place, or is very incomplete. 


364. In preparing hydroxyazo-dyes, the solution of the diazonium 
chloride is cooled with ice, and is slowly added to the alkaline solu- 
tion of the phenol or its sulphonic acid. The reaction-mixture is 
kept slightly alkaline, since otherwise the hydrochloric acid liberated 
would hinder the formation of the dye. After the solutions have 
been mixed, the dye is “salted out” by the addition of common 
salt, which precipitates it in flocculent masses. It is freed from 
water by means of filter-presses, and packed either as a powder or a 
paste. é f 

Aminoazo-dyes are prepared by mixing the aqueous solution of 
the diazonium chloride with that of the aromatic amine salt, the 
colouring-matter being subsequently salted out. It is sometimes 
necessary to employ an alcoholic solution. 

The simplest azo-dyes are yellow. The introduction of alkyl- 
groups or phenyl-groups, and, in general, increase of molecular 
weight, change their colour through orange and red to violet and blue. 
They are crystalline, and most of them are insoluble in water and 
soluble in alcohol. Instead of the azo-dyes themselves, it is often 
better to employ their sulphonic acids, obtainable from them by the 
usual method—treatment with concentrated sulphuric acid. 


365. Aniline-yellow is a salt of aminoazobenzene: it is seldom 
used now, its place having been taken by other yellow dyes. 

Chrysoidine or diaminoazobenzene, CoHs/N:N-CoHs <q?) is 
obtained from benzenediazonium chloride and m-phenylenediamine. 
It yields a hydrochloride, crystallizing in needles of a reddish colour 
and fairly soluble in water: this salt dyes wool and silk directly, 
and cotton which has been mordanted. 

Bismarck-brown or triaminoazobenzene, 


NH» -CeH4 -N:N -CgHs < Nt 


452 ORGANIC CHEMISTRY. [§ 365 


is manufactured by diazotizing one of the NH»-groups in m-pheny!l- 
enediamine, and treating the product thus obtained with a second 
molecule of this base: 


aa a NOS 
< NafI+HKK > »NH2 = HCl t<. B NINC DNH2. 
NH, NH, NH» NED 


Even a very dilute solution of nitrous acid gives a brown colora- 
tion with m-phenylenediamine, due to the formation of Bismarck- 
brown or related substances. This reaction furnishes a very delicate 
test for nitrous acid, and is employed in water-analysis. 


Helianthine, or dimethylaminoazobenzenesulphonie acid, is pre- 
pared by the interaction of benzenediazoniumsulphonic acid and 
dimethylaniline hydrochloride in aqueous solution: 


HO3S-CgH4-N2[OH +H]|CgH4-N(CH3)2= 
= H,0 +HO3S-CgHy-N:N-CgH4-N(CHs). 


Helianthine 
Tt is not often used as a dye, but its sodium salt, which has a yellow 
colour, and is turned red by acids, is employed as an indicator in 
volumetric analysis under the name methyl-orange. 
Resorcin-yellow or dihydroxyazobenzenesulphonic acid, 


HO38-CoH4-N:N-CoHs< opp 


is obtained from resorcinol (353) and benzenediazonium sulphonic 
acid. 

The azo-dyes are converted into amino-compounds by energetic. 
reduction with tin and hydrochloric acid. Thus, aminoazobenzene 
yields aniline and p-phenylenediamine: 


CoHs-N=N-CoHa-NHy — CoHs-NHo + CoHa<Nqy? b. 
This decomposition on reduction affords a means of determining 
the constitution of these dyes, and indicates the methods by which 
they are obtained. For example, reduction of Bismarck-brown 
with tin and hydrochloric acid yields a mixture of equimolecular 
amounts of diaminobenzene and triaminobenzene. Since the mole- 
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cule is severed at the double linking of the azo-group, it follows that 
the constitution of this compound is 


NH2 


NH»-CgH«—N : N—CeH3 < NHC 


This decomposition also indicates that the dye can be obtained by 
diazotizing a molecule of diaminobenzene, and treating the product 
with a second molecule of diaminobenzene, in accordance with the 
equation on the previous page. 


VII. POLYBASIC ACIDS AND THEIR DERIVATIVES. 
DIBASIC ACIDS. 


366. The dibasic acids are the most important members of the 
series of aromatic polybasic acids. They are called phthalic acids, 
a name derived from naphthalene (431), from which one of them 
can be obtained. Three isomerides are possible, and all of them 
are known. Like all polybasic acids, they yield neutral and acid 
esters and salts, acid amides, amino-acids, etc. On distillation with 
lime, they are converted into benzene. 


Phthalic Acid. 


367. Phthalic acid is the ortho-dicarboxylic acid of benzene, and 


has the formula CgH4 aa are 5 It is obtained by the oxidation of 


aromatic hydrocarbons with two side-chains in the ortho-position, 
or their derivatives with substituents in the side-chains. It is 
worthy of note that chromic acid cannot be employed in this oxi- 
dation, since it decomposes ortho-derivatives completely into carbon 
dioxide and water. Phthalic acid is employed in the preparation 
of artificial indigo (469), and is manufactured by oxidizing naphthal- 
ene (431), CjoHs, by heating with very concentrated sulphuric acid. 

Phthalic acid is crystalline, and dissolves readily in hot water, 
alcohol, and ether. It has no definite melting-point, since on heat- 
ing it loses water, yielding phthalic anhydride, which sublimes in 
beautiful, long needles: 


\coo|H CO 
Osamu 9 Team, 


Phthalic anhydride 
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368. If they followed the ordinary course of the reaction form- 
ing acid chlorides, phosphorus pentachloride and phthalic acid 


would react to produce a chloride of the constitution CgH4< ee 


That they do not and that phthalyl chloride has the structure 


Pua F (Oh 


can be proved in various ways. When aluminium chloride reacts 
with phthalyl chloride in presence of benzene, there results a com- 
pound with the formula 


CeHs 
C—C.Hs 
CHS On.: 


called phthalophenone, the constitution of which follows from its 
formation by the elimination of water from triphenylcarbinolcar- 
boxylte acid: 


/ eos CAlte 
C—CeHs C—CoH; 
oN 
CoH O/H |—H,O = CoH >O 
Neclon 
Triphenylearbinol- : Phthalophenone 


carboxylic acid 
Another proof of the constitution indicated above for phthalyl 
chloride is the fact that reducing agents, such as sodium-amalgam 
and water, or zinc and hydrochloric acid, cause the replacement of 
its halogen atoms by hydrogen, with formation of phthalide. This 
CH2 
substance has the constitution ee O, since on treatment 


with caustic soda or dilute acids it yields hydroxymethylbenzoic acid: 


CH, CH,OH 
CoH SO ia = CoH 
CO COOH 


This reaction proves it to be a lactone, and not a dialdehyde, 


Capo as it should be if the formula of phthalyl chloride 


were CeH,4< ae 
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369. The oxygen of the carbonyl-group in phthalic anhydride 
can also participate in other reactions. Thus, when this substance 
is heated with phenols and sulphuric acid, phthaleins are formed: 


C,H,OH 

700 chloe CGH OH 

CeH4X< =) ace 14 8 8) ae O : 
Fhthalic anhydride Phenolphthalein 


Phenolphthalein, the simplest member of the phthalein series, 
is a yellow powder. On account of its phenolic character it dis- 
solves in alkaline solutions, with formation of a fine red colour, and 
is a sensitive indicator for alkalimetry. 

Resoreinolphthalein or fluorescein is characterized by the display 
of an intense yellowish-green fluorescence in alkaline solution. It 
owes its name to this property, which affords a delicate test for 
phthalic anhydride, phthalic acid, and resorcinol, since fluorescence 
is exhibited by mere traces of fluorescein. It is prepared by heating 
together resorcinol and phthalic anhydride at 210°, in presence of 
zine chloride as a dehydrating agent. On treatment with bromine, 
fluorescein yields tetrabromofluorescein: its potassium derivative, 
CooHgOsBr4Kz, is the beautiful dye eosin. 

The constitution of the phthaleins is inferred from their being 
convertible into derivatives of triphenylmethane (423). 

370. In the preparation of the phenolphthalein a by-product, 
fluoran, insoluble in alkalis is formed. According to the researches 
of R. Mrymr, this substance has the formula 


CO 
ota, CHK Oo 
Na DON 
HS, 7 aN Oey 
Bee 
I ee 


in whick the two phenol-residues are united at the ortho-positions to 
the phthalic-anhydride-residue, and not at the para-positions, as in 
phenolphthalein. Fluoran contains the pyrone-nucleus, 


ya 
ol 
C C 


See 
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R. Meyer has pointed out that many derivatives containing this 
nucleus fluoresce. He proved that fluorescein is dihydroxyfluoran, 
with the formula 


CO 
371. Phthalimide, CoH NH, is of importance on account of 
CO 


its application by GABRIEL to the synthesis of primary amines with 
substituted alkyl-groups. It is obtained by passing dry ammonia 
over heated phthalic anhydride. The imino-hydrogen is replace- 
able by metals: thus, the potassium compound is precipitated by 
the action of caustic potash upon the alcohoiic solution of the imide. 
When potassium phthalimide is treated with an alkyl halide, the 
metal is replaced by alkyl: on heating with acids or alkalis, a 
primary amine, free from secondary and tertiary amines, is pro- 
duced: 


vo O ye 
CeH, >N\|K +Br- C,Hon jhe CeH, >N-C,Hon ry Sate 
\co en Nco ; 


Potassium phthalimide 


— CeHa< Coane +NHo-C, Hen 41. 


Alkyl halides with various substituents can be employed in this 
reaction: thus, from ethylene bromide, CHgBr-CH,Br, is obtained 
bromoethylamine, NH -CH2-CH Br ; from ethylencbromohydrin, 
CH.Br-CH2OH, hydroxyethylamine, NHg-CHy:-CH2OH; ete. 

Another example is Emiu Fiscumr’s synthesis of ornithine (231). 
Potassium phthalimide is brought into contact with trimethylene 
bromide: 


CeH4 < oe > N [Ix a Br] C CH» $ CHe 0 CH»2Br => 


— CpHi< C0 SN. CHy-CHy-CH,Br. 
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The compound obtained is treated with diethyl monosodiomalonate, 
and yields CsH4< Go > N-CH»-CHo-CHs-CH(COOC,Hs)2, the ter- 


tiary hydrogen atom of which can be substituted by bromine. 
Saponification and elimination of CO, give 


CoH1< 00 > N-CHp-CH»-CH»-CHBr-COOH, 


By heating with aqueous ammonia, Br is then replaced by NHg. 
Subsequent heating with concentrated hydrochloric acid yields 
ornithine: 


Oss < G0 > N-CHp-CH»-CH)-CH (NH2)-COOH = 
+20HH 


= eHaic oar LIEN -CH-CH-CH-CH (NH) COOH. 


These examples make it evident that this method can be ap- 
plied to the preparation of the most variously substituted primary 
amines. 

372. HooGhwerrr and van Dorp found that ammonia reacts 
i aly | rieldi “, oni 710 CN 
with phthalyl chloride, yielding o-cyanobenzoic acid, C.Hs<Goon: 

It must be assumed that an iso-imide of phthalic acid is formed as 

an intermediate product: 

a C=NH JEN 
CoHiC >O- CoH >O — CoH 
CO CO C 
Phthalyl iso-Imide o-Cyanobenzoie 


chloride acid 


Although they have not been able to isolate the iso-imide itself, they 
have prepared a number of derivatives in which the imino-hydrogen 
is replaced by hydrocarbon-residues. 


isoPhthalic and Terephthalic Acids, CeH,(COOH), (1:3) and (1:4). 


373. 1soPhthalic acid can be obtained by the oxidation of com- 
pounds with two side-chains in the meta-position, and also by the 
oxidation of resin (colophonium) with nitric acid. It dissolves with 
difficulty in water, and does not yield an anhydride. 

Terephthalie acid can be prepared by several methods; for example, 
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by the oxidation of turpentine. It is almost insoluble in water, 
alcohol, and ether. It does not melt at the ordinary pressure, but 
at high temperatures sublimes without decomposition. Like 1so- 
phthalic acid, it does not form an anhydride. 


HIGHER POLYBASIC ACIDS. 


374. Tricarboxylic, tetracarboxylic, pentacarboxylic, and hexa- 
carboxylic acids are known. The most remarkable is the hexacar- 
boxylie mellitic acid, a constituent of the mineral honey-stone, found 
in brown-coal seams. Honey-stone is the aluminium salt of mellitic 
acid, and has the formula C,,0,,Al,+18H,O: it forms yellow quad- 
ratic octahedra. Mellitic acid is produced by the oxidation of wood- 
charcoal with an alkaline solution of potassium permanganate. 
It crystallizes in fine needles, and dissolves freely in water and alco- 
hol. On heating, it loses two molecules of carbon dioxide and two 
molecules of water, with formation of pyromellitic anhydride, 

CO 1 
CI. 
COmus 


which takes up water, and yields pyromellitic acid, CsH,(COOH),. 


DERIVATIVES WITH TWO OR MORE DISSIMILAR 
SUBSTITUENTS. 


I. SULPHO-DERIVATIVES. 
Halogensulphonic Acids. 


375. Among the halogensulphonic acids are the three bromo- 
benzenesulphonic acids. On fusion with caustic potash each yields 


resorcinol, Chita = This reaction exemplifies a compara- 


tively rare phenomenon—the introduction of a substituent into a 
position other than that occupied by the group replaced. Similar 
examples are cited in 379 and 398. 


Phenolsulphonic Acids. 


376. o-Phenolsulphome acid and p-phenolsulphonic acid are ob- 
tained by dissolving phenol in concentrated sulphuric acid. m- 
Phenolsulphonie acid is produced by fusing m-benzenedisulphonic 
acid with caustic potash. The o-acid is characterized by being 
easily converted into the p-compound, even on evaporation of its 
aqueous solution. Phenol sulphonates more readily than benzene, 
its solution in sulphuric acid being transformed into the o-sulpho- 
acid and p-sulpho-acid even at ordinary temperatures. 


p-Aminobenzenesulphonic Acid or Sulphanilic Acid. 


377. Sulphanilic acid is obtained by heating aniline with fuming 
sulphuric acid. Like its isomerides, it dissolves with difficulty in 
cold water. The basic properties of aniline are greatly weakened by 
the introduction of the sulpho-group into the ring, for sulphanilic 


acid cannot yield salts with acids, whereas the sulpho-group reacts 
459 
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with bases, forming salts. The formula of sulphanilic acid is prob- 
ably CoHs< 03 >; that is, it is an inner salt. On fusion with 
3 


caustic potash, it does not yield aminophenol, in accordance with 
precedent, but aniline. Oxidation with chromic acid converts it. 
into quinone. On pouring a mixture of sodium sulphanilate and 
sodium nitrite in aqueous solution into dilute sulphuric acid, an 
inner salt of benzenediazoniumsulphonic acid is precipitated, being 
nearly insoluble in water: 


No-|OH _ No 
CoHa< 56.1 = H,O0 + CHa <6, >- 


This compound is of great importance in the preparation of azo- 
dyes, such as helianthine (365). 


Sulphobenzoic Acids. 
378. 0-Benzoic sulphinide, 


OpH. < 30? >NH, 


the imino-derivative of o-sulphobenzoic acid, is known as ‘‘sac- 
charin.”’ It is about three hundred times as sweet as sugar, and on 
this account is sometimes employed as a substitute for it. Direct. 
sulphonation of benzoic acid yields m-sulphobenzoic acid almost 
exclusively, so that saccharin cannot be prepared by this means. 
It is obtained from toluene, which, on treatment with chloro- 
sulphonic acid, SO2(OH)CI, yields a mixture of p-tolwenesulphonyl 
chloride and o-toluenesulphonyl chloride, the former being the chief 
product. The o-chloride is converted into its sulphamide, the 
methyl-group of which is then transformed into carboxyl by oxida- 
tion with potassium permanganate. On heating, this oxidation- 
product loses one molecule of water very readily, forming saccharin: 


SOC 1 SO.-NH 
C,H;.OHs=> Ocha, 5—Ce6H 2 a 
65 3 6 4<OH, 76 4<CH, 

Toluene  o0-Toluenesulphonyl chloride o-Sulphamide 


— CeH4 ee — CeH, Bes: NH. 


o-Solphamide of benzoic acid Saccharin 
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Saccharin is a white, crystalline powder, soluble with difficulty 
in cold water, and readily soluble in alcohol and ether. It takes up 
one molecule of water, yielding the sulphamide of o-sulphobenzoic 
acid, which does not possess a sweet taste. 


RemsEN found that the “saccharin” of commerce is a mixture of 
o-benzoic sulphinide; p-sulphaminobenzoic acid, COOH-C,H,:SO.N H:; 
and potassium hydrogen o-sulphobenzoate, COOH+C,H,-SO:OK, con- 
taining less than fifty per cent. of the sulphinide. The melting-point 
of the pure sulphinide is 220°. 


Il. HALOGEN DERIVATIVES. 
Halogenphenols. 


379. 0-Chlorophenol and p-chlorophenol are formed by the direct 
chlorination of phenol, and also by reduction of the halogen-nitro- 
benzenes and subsequent diazotization of the compounds formed. 
They have a pungent odour. By fusion with caustic potash, the 
halogen can be replaced by hydroxyl, although the corresponding 
hydroxyl-compound is not always formed (375). The introduction 
of halogen considerably augments the acidic character of the phenols: 
thus, trichlorophenol decomposes carbonates. It is mentioned in 
303 that the presence of hydroxyl in the ring considerably facili- 
tates the substitution of the hydrogen atoms by halogen. Iodine, 
however, can only substitute in presence of an oxidizing agent, to 
remove the hydriodic acid formed; since, unless this were oxidized, 
it would remove the iodine atom from the iodophenol produced. 


Halogenbenzoic Acids. 


380. m-Chlorobenzoic acid can be obtained by direct chlorination 
of benzoic acid, but is most readily got by diazotizing the cor- 
responding amino-compound, which is also the best method for the 
preparation of the ortho-halogenbenzoic and para-halogenbenzoic 
acids. Phosphorus pentachloride does not react readily with the 
hydroxybenzoic acids; hence the halogenbenzoic acids cannot be 
satisfactorily prepared by its aid. 

As would be expected, the acidic character of benzoic acid is 
strengthened by the introduction of halogen. The dissociation- 
constant 104% of the halogenbenzoic acids is greater than that of 
benzoic acid itself. For benzoic acid 10*k is 0-6; for o-chloroben- 
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zoic acid 13-2; for m-chlorobenzoic acid 1-55; for p-chlorobenzoiz 
acid 0-93. These values prove that the chlorine atom in the ortho- 
position exercises the greatest influence and that in the para-position 
the least, while for the m-compound 104F is intermediate in value. 

Compounds containing halogen and the sulpho-group are re- 
ferred to in 375. 


Ill. HYDROXYL-DERIVATIVES. 
Nitrosophenol. 
81. In certain respects nitrosophenol reacts as though it had 
the constitution Cee although its formation from quinone 


ypNOH 
and hydroxylamine points to the constitution CoHiK ssl has 
O 


prepared by the action of nitrous acid upon phenol, or of caustic 
potash upon nitrosodimethylaniline: 


H+HOjNO 
CyHa< eso) = OsHi< NO +H,0; 


oncom N(CH)2 + HJOH = HN (CH), +ONC < Son. 


Like other oximes, nitrosophenol, or quinone mono-oxime, 
unites with bases. It is a colourless compound, crystallizing in 
needles which soon turn brown on exposure to air. On oxidation 
and reduction, it behaves as though it were nitrosophenol, yielding 
nitrophenol and aminophenol respectively. 


Nitrophenols. 


382. The increased aptitude for substitution displayed by thy 
hydrogen atoms of the benzene-nucleus after introduction of a 
hydroxyl-group is illustrated by the behaviour of the phenols 
towards nitric acid. To obtain nitrobenzene from benzene, it is 
necessary to employ concentrated nitric acid, whereas phenol is 
converted by dilute nitric acid at low temperatures into o-nitro- 
phenol and p-nitrophenol. The two isomerides can be separated by 
distillation with steam, with which only the ortho-compound is 
volatile. m-Nitrophenol can be prepared from m-nitroaniline by 
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the diazo-reaction. o-Nitroaniline and p-nitroaniline, but not 
m-nitroaniline, yield nitrophenols directly by fusion with potash: 


NH2 OH 
/ \NHo aN (0H ow 
| INO and | |+KOH— NO and +NH3. 
2 2 
AEE peal Uma 


This reaction proves that the presence of several substituents in the 
benzene-nucleus considerably facilitates the introduction of other 
groups. The acidic character of phenol is strengthened in the 
nitrophenols: they decompose all carbonates, although nitrophenol 
is precipitated from a solution of an alkali-metal nitrophenoxide by 
carbon dioxide. 

383. The most important nitrophenol derivative is picric acid, 
or 1:2:4:6-trinitrophenol, 


NO, 


NO, 


This substance has been known for a long time, and is produced by 
the action of concentrated nitric acid upon many substances, such 
as silk, leather, resins, aniline, indigo, etc. It is prepared by dis- 
solving phenol in concentrated sulphuric acid, and carefully adding 
small quantities of this solution to concentrated nitric acid of 1-4 
specific gravity. An energetic reaction ensues, after which the 
mixture is warmed for some time on a water-bath: on cooling, 
picric acid crystallizes out. It cannot be further nitrated: in other 
words, it is the final product of the action of nitric acid upon phenol. 
This fact explains its production by the action of nitric acid upon 
such heterogeneous substances. 

When pure, solid picric acid has only a very faint-yellow colour, 
but its aqueous solution is deep yellow. It is a strong acid, and, 
therefore, undergoes considerable ionization on solution in water: 
the yellow colour is characteristic of the anion, since the solution 
of this acid in petroleum-ether, in which there is no ionization, is 
colourless. It is slightly soluble in cold water, and is not volatile 
with steam. It melts at 122°. 
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A consideration of the following reactions shows that picric acid 
is comparable with the carboxylic acids. Phosphorus pentachloride 
replaces the hydroxyl-group by chlorine, with formation of picryl 
chloride, 

NO2 “ \NO; 


\ a d 


which has the character of an acid chloride. Thus, it is decom- 
posed by hot water into hydrochloric acid and picric acid, and with 
ammonia yields picramide, CoH. 2)3 st ae Silver picrate and 
methyl iodide yield methyl picrate: it has the properties of an ester, 
being saponified by boiling with concentrated caustic alkalis, and 
yielding picramide on treatment with ammonia. ‘These facts afford 
further evidence of the remarkable increase in the reactivity of the 
hydroxyl-group, due to the presence of the three nitro-groups. 

Picrie acid yields well-defined crystalline, explosive salts, of a 
yellow or red colour. The potassium salt dissolves with difficulty 
in water, and the ammonium salt explodes by percussion, although 
the acid itself does not. 

It yields molecular compounds with many aromatic hydrocar- 
bons; for example, with naphthalene a compound of the formula 
CyoHg-CgeH2(NOz)3-OH. These derivatives crystallize well, and 
have definite melting-points. They are sometimes employed with 
advantage in the separation of hydrocarbons, or in their identi- 
fication. Picric acid is eliminated from them by the action of 
ammonia. 

The acid can be detected by an aqueous solution of potassium 
cyanide, which yields a red coloration due to the formation of 
dsopurpurie acid. 

Picric acid is employed as an explosive, which leaves no residue 
on explosion, and is called “lyddite.” It is also used as a dye, 
imparting a yellow colour to wool and silk. 


384. Styphnic acid, Ota is a type of a nitrated dihydroxy- 


benzene, and is obtained by the action of cold nitric acid upon resor- 
cinol, as well *s from certain gum-resins by the same means. The 
conversion of m-nitrophenol into styphnic acid by the action of 
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nitric acid invotves the intermediate formation of a tetranitro-com- 
pound, in which one of the nitro-groups is so reactive as to be 
replaceable by hydroxyl on treatment with water, with formation of 
styphnic acid. 


Aminophenols. 


385. Aminophenols are formed by the reduction of nitrophenols. 
The acidic character in these compounds is so weakened that they 
do not combine with bases: on the other hand, they yield salts with 
acids. In the free state the aminophenols are colourless solids, 
crystallizing in leaflets, and readily turned brown by atmospheric 
oxidation with formation of a resin. Their hydrochlorides are more 
stable. 

o-Aminophenol yields compounds by the substitution of acid- 
residues in the amino-group, which at once lose water, forming 
anhydro-bases: 


ae, OEE 
Gr ee -CVE (15 perc 


Acetyl-derivative Dag ae 
Anhydro-base 


On treatment with acids, aminophenol and acetic acid are regen- 


erated. 
p-Aminophenol is obtained by the electro-reduction of nitro- 


benzene in acid solution (326). 


The alkaline solution of p-aminophenol rapidly acquires a dark 
colour, unless sodium sulphite is present. The trade-name of this 
solution is “rodinal.” It finds application as a photographic 
developer. , 

Lumisre has discovered certain general conditions which aro- 
matic compounds must fulfil to be available as photographic devel- 
opers. They must either contain some hydroxyl-groups or amino- 
groups, or at least one of each class. In order that the developing 
action may not be interfered with when substituents are present in 
the amino-group and in the hydroxyl-group, not less than two such 
unsubstituted groups must be present in the molecule. 

A derivative of p-aminophenol used in medicine is “ phenacetin ” 
or acetylphenetidine, Ce5H,< ee. H,0° the acetamino-derivative of 


phenetole, CsH;-OC,H;. 
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Salts of 1:2:4-diaminophenol are employed as photographic de 
velopers under the name “ amidol.” 


Monohydroxy-acids. 


386. The most important of the monohydroxy-acids is 
4 : by ott ; 4 OH 1 
o-hydroxybenzoic acid, or salicylic acid, CeH4 <COOH 2° It 
derives its name from salicin, a glucoside in the bark and leaves of 
the willow (salix). On hydrolysis, this substance yields saligenin 
and dextrose: 


C,3H,g07 + H2,O = C7HgO0e +CeHy20¢. 


Salicin Saligenin Dextrose 


Saligenin is the alcohol corresponding to salicylic acid, into which 
it is converted by oxidation: 


OH OH 
CoHs <GH,0H ~ Ces <CooH: 
Saligenin Salicylic acid 


Salicylic acid is present as methyl ester in oil of wintergreen 
(Gaultheria procumbens), from which the acid is sometimes obtained 
for pharmaceutical use. It can also.be prepared by the action of 
nitrous acid on anthranilic acid, o-aminobenzoic acid (397), by 
fusing o-chlorobenzoic acid or o-bromobenzoic acid with caustic 
potash, and by other methods. 

Salicylic acid is manufactured by a process discovered by 
KoLse and improved by Scumint, in which sodium phenoxide is 
heated with carbon dioxide in an autoclave at 130°. 


At the ordinary temperature at a pressure of about 14 atmos- 
pheres, sodium phenoxide and carbon dioxide react to form sodium 
phenylcarbonate: 


CeH;° O-Na+ CO, = C,H; -O-COONa. 


This compound is to be regarded as an intermediate product in the 
synthesis of salicyclic acid. Its conversion into this substance is 
represented by the scheme 


ZOO gy HH 
CHC HC 
H COON 8 
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Salicylic acid is a white, crystalline powder, which dissolves 
with difficulty in cold water, and melts at 159°. When carefully 
heated, it sublimes, but on rapid heating decomposes into phenol 
and carbon dioxide. With bromine-water it yields a precipitate 
of the formula CgH2Br3-OBr. It gives a violet coloration with 
ferric chloride, both in aqueous and in alcoholic solution, whereas 
phenol dissolved in alcohol does not. When boiled with calcium 
chloride and ammonia, a solution of salicylic acid precipitates basic 
calcium salicylate, Ce OOS ca: this reaction affords a means of 
separating salicylic acid from its isomerides, which do not give 
this reaction. 

Salicylic acid is a powerful antiseptic, and is employed as a 
preservative for foods and such beverages as beer. It is not, how- 
ever, completely innocuous. Sodium salicylate is employed as a 
medicine. 

When the acid is heated to 220°, it loses carbon dioxide and 
water, with formation of phenyl salicylate: 


[OH | 
CeH4 <i Goof +O = CO, +H,0O +CeHa< Goer 


This compound is employed as an antiseptic under the name 
‘“‘salol.” By heating to 300°, its sodium derivative is converted 
into sodium phenylsalicylate: 


ONa OC,Hs 
CoHs< CQOC.H, ” WoH4< COONa’ 


m-Hydroxybenzoic acid and p-hydroxybenzoic acid yield no colora- 
tion with ferric chloride. Their basic barium salts are insoluble. 


*  Dihydroxy-acids. 
387. Among the dihydroxy-acids is protocatechuic acid, 


/LO0H 1 
Cs5H3—-OH 3 
Non 4 


It is obtained from many resins by fusion with potash, and syn- 
thetically by heating catechol with ammonium carbonate, the latter 
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method being a striking example of the readiness with which the 
carboxyl-group can sometimes be introduced into the ring. It is 
freely soluble in water. It reduces an ammoniacal silver solution, 
but not an alkaline copper solution. It gives a characteristic 
reaction with ferric chloride, yielding a green colour, which changes 
to blue and finally to red on addition of a very dilute solution of 
sodium carbonate. 


Trihydroxy-acids. 
388. The best-known trihydroxy-acid is gallic acid, 


/COOH 1 
CHX<OH 
\OH 5 


Itis a constituent of gall-nuts, tea, and “divi-divi,” a material 
used in tanning. It is usually prepared by boiling tannin with 
dilute acids. It crystallizes in fine needles, readily soluble in hot 
water. It is mentioned in 354 that, on heating, the acid loses COg, 
forming pyrogallol. Gallic acid reduces the salts of gold and silver, 
and gives a bluish-black precipitate with ferric chloride. In alka- 
line solution it is turned brown in the air by oxidation, like pyro- 
gallol. 


Gallic acid is employed in the manufacture of blue-black ink. 
For this purpose its aqueous solution 1s mixed with a solution of 
ferrous sulphate containing a trace of free sulphuric acid. Without 
the acid, the ferrous sulphate would quickly oxidize in the air, giving 
a thick, black precipitate with the gallic acid: this oxidation is re- 
tarded in a remarkable manner by the addition of a very small quan- 
tity of sulphuric acid. As soon as the solution is brought into con- 
tact with paper, the free acid is neutralized by the alumina always 
present in the latter, and, as oxidation 1s no longer prevented, the 
writing in drying turns deep black. As the mixture of the solutions 
of ferrous sulphate and gallic acid has only a faint-brown colour, 
which would make the fresh writing almost invisible, indigo-carmine 
is added to the mixture. This imparts to the ink coming from the 
pen a dark-blue colour, which changes by the process described to a 
deep black. 


389. The tannins, or tannic acids, are very closely related to gal- 
lic acid, and are widely distributed in the vegetable kingdom. The 


’ 
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tannins are compounds which are soluble in water, have a bitter, 
astringent taste, yield a dark-blue or green precipitate with ferric 
salts, convert substances containing gelatin—such as animal hides 
—into leather, and precipitate proteins from their solutions. Some 
of the tannins are glucosides. 

The most typical tanning-material is tannin or tannic acid, con- 
tained in oak-bark. It is a derivative of gallic acid, into which it is 
converted by boiling with dilute hydrochloric acid. Tannin is 
optically active, and seems to have a somewhat pomp iene molec- 
ular structure. 

It is best obtained from gall-nuts—pathological excrescences on 
the leaves and branches of the oak, caused by an insect. Turkish 
gall-nuts are especially rich in tannin, yielding as much as 65 per 
cent. 

Tannin imparts its characteristic bitter taste to many beverages 
—to tea which has been too long infused, for instance. The addition 
of milk removes this bitter taste, because the tannin forms an insol- 
uble compound with the proteins present in the milk. 


Tannin is a white (sometimes yellowish), amorphous powder, 
readily soluble in water, only slightly in alcohol, and insoluble in 
ether. It forms salts with two equivalents of the metals, and pre- 
cipitates many alkaloids, such as strychnine and quinine, from 
their aqueous solutions (471). 

A distinction is drawn between the different kinds of tanning- 
substances, which have properties analogous to those of tannin, but 
differ from it in composition. They are named after the plants in 
which they are found: kino-tannin, catechu-tannin, moringa-tannin, 
coffee-tannin, oak-tannin, quinine-iannin, and others are known. 


300. The tannins find application in medicine and in the tan- 
ning of hides. 

In making leather, the hide is saturated with the tannin, because 
without this treatment it cannot be employed in the manufacture 
of shoes and other articles, since it soon dries to a hard, horn-like 
substance, or in the moist condition becomes rotten. When satu- 
rated with tannin it remains pliant, and does not decompose. 

The skin of an animal consists of three layers, the epidermis, the 
cuticle, and the fatty layer. The cuticle being the part made into 
leather, the two other layers are removed by suspending the hides in 
running water, when the epidermis and fatty layer begin to decom- 
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pose, and are removed by means of a blunt knife. Alternate hori- 
zontal layers of the hides thus prepared and oak-bark or some other 
material containing tannin are placed in large troughs or vats, 
which are then filled with water. At the end of six or eight weeks 
the hides are taken out and placed in a second vat containing fresh 
bark of stronger quality. This is continued with increasingly concen- 
trated tannin solutions until the hides are perfectly tanned, the pro- 
cess lasting as long as two or three years, according to the thickness 
of the hide. Whether a hide is thoroughly saturated or tanned can 
be judged from the appearance of its cross-section, or by treatment 
with dilute acetic acid: if this treatment makes it swell up internally, 
it shows that the conversion into leather is incomplete. 

During the process of tanning, oxygen is taken up, indicating 
that the reaction involved is one of oxidation. 


Acids Containing Hydroxyl or Carboxyl in the Side-chains. 


391. Three different types of acids with hydroxyl or carboxy) 
in the side-chains are possible. 


1. OH in the side-chain, COOH in the ring. 
2. COOH in the side-chain, OH in the ring. 
3. OH and COOH both in the side-chain. 


The following are representatives of these three classes. 

1. Hydroxymethylbenzoic acid, CgH4< eee - is mentioned in 
368. It yields phthalide by separation of water, and is obtained 
by boiling o-xylylene chloride, CeH4 eeu with water and lead 


nitrate. 

2. p-Hydroxyphenylpropionic acid, CeH 2 OH is 

p-4y yphenytprop » “6l'4< CH,-CH,- COOH? 
of some importance owing to its relation to tyrosine (M.P. 235°)— 
which derivesits name from its presence in old cheese (Greek, tupda), 
and is produced when proteins, such as white of egg, horn, hair, etc., 
are boiled with hydrochloric aeid or sulphuric acid. Its formula is 
‘H 
CgH1,03N, and its structure HO-CoHa-CHa-CC COOH; it is the 
2 
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a-amino-acid of p-hydroxyphenylpropionie acid. Being an amino- 
acid, it yields salts with acids as well as with bases. 


o-Hydroxycinnamic acid, Ohi ae -CH-COOH? exists in two 


forms, coumaric acid and cowmarinic acid, which are easily converted 
into each other. Coumarinic acid is not known in the free state, 
but only in the form of salts, since, on liberation, it at once loses a 
molecule of water, yielding cowmarin, the aromatic principle of 
woodruff (Asperula odorata). Coumaric acid, on the other hand, 
does not yield a corresponding anhydride: removal of water pro- 
duces coumarin, which is converted into salts of coumarinic acid by 
treatment with alkalis. This behaviour recalls that of fumaric acid 
and maleic acid (170), and it may be assumed that the stereoisomer- 
ism of these acids is similar. Both can then be represented as 
follows: 


H-C-CgH4-OH H-C-CgH4-OH H-C-CgH4 
—H,0 = fee: 
HOOC-C-H H-C-COOH H-C:cCo 
Coumaric acid; Coumarinic acid; Coumarin 
gives no corresponding only known in the form 
anhydride of salts 


Coumarin can be obtained from salicylaldehyde by Sir WiLtIam 
PERKIN’s synthesis (348): acetylcoumaric acid, 


O|C.H;0 


OsHs< Car GH-COO|H’ 


is first formed, and is converted into coumarin by heating, acetic 
acid being eliminated. 

3. Mandelic acid has both hydroxyl and carboxy] in the side- 
chain. Its constitution is CgH;-CHOH-COOH, as its synthesis 
from benzaldehyde and hydrocyanic acid indicates. The mandelic 
acid found in nature is levo-rotatory. The synthetical acid can be 
resolved by the action of cultures obtained from mildew (Penicil- 
lium glaucum), the dextro-rotatory acid being left intact. The 
decomposition is also effected by the formation of the cinchonine 
salts, when the salt of the dextro-rotatory acid crystallizes out first. 

Inactive mandelic acid is also called ‘“‘para-mandelic acid.” It 
melts at 119°, and dissolves very readily in water: the optically 
active modification melts at 134°, and is less soluble in water. 
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392. The unsaturated piperic acid, Cj2H1904, is a decomposi- 
tion-product of piperine (454). Oxidation converts piperic acid 
into piperonal, 


0/ \CH:CH-CH:CH-COOH Ode. 
CHS | oS CHW ae ; 
Seale is 

Swe 
Piperic acid Piperonal 


The constitution of this substance is established by two reactions. 
First, on heating with hydrochloric acid it is converted into proto- 
catechualdehyde and carbon: 


Fae: 


CHO-CeHy <0 >CHy = CHO-CyHs < 
Second, it is regenerated by the action of methylene iodide and 
alkali upon this aldehyde. 
Piperonal melts at 37°, and boils at 263°: its odour exactly 
resembles that of heliotropes. In presence of caustic soda, piperonal 
condenses with acetaldehyde to prperonylacrolein: 


CH2< 6 >CsHs-Ch +CH3.00 = 


z= CH) <6 >C.Hs-CH:CH-cH +H,0. 


By Prerkrn’s synthesis (348), piperonylacrolein is converted by the 
action of sodium acetate and acetic anhydride into piperie acid: 


CH; <6, >CsHs-CH:CH.C# CHL COOH 


= CH) <()>CsHe-CH:CH-CH:CH-COOH +120. 


Hydroxyaldehydes. 


393. Hydroxyaldehydes can be obtained artificially by a syn- 
thetical method generally applicable to the preparation of aromatic 
hydroxyaldehydes. It consists in treating the phenols in ethereal 
solution with anhydrous hydrocyanic acid and hydrochloric-acid 
gas, it being sometimes an advantage to add a small quantity of 
zinc chloride as a condensing agent. This mode of synthesis was 
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discovered by GATTERMANN, whose name it bears. The hydro- 
chloride of an imide is formed as an intermediate product, and can 
sometimes be isolated: 


C.H;OH +HCN +HCl = Gils nae 


On treatment with warm water, the imide-salt is converted into 
the hydroxyaldehyde and ammonium chloride: 


OH OH 
CeH4 < CH : NH 5 HCl +H,0 — CeH4 << CHO +NH,Cl. 


p-Hydroxybenzaldehyde is here obtained from phenol. 
POS Aas 
Salicylaldehyde, CN ye 5 occurs in volatile oil of spirea. 
No ~ 
The o-hydroxyaldehydes colour the skin deep yellow. 
To this class of substances belongs vanillin, 


/H 
KX 1 
Pee oF 


the methyl ether of protocatechualdehyde. It is the aromatic prin- 
ciple of vanilla, and is prepared on the large scale by oxidizing 
isoeugenol, 


CesH3— 
Coch :CH-CH, 


This substance is obtained by boiling eugenol, 


/Ou 
CsH;—-OCH, ; 
\CH,-CH:CHe 


with alcoholic potash, which alters the position of the double link- 
ing in the side-chain. Eugenol is the chief constituent of oil of 


cloves. 
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Adrenaline, CoH ,30N. 

394. Adrenaline is prepared from the suprarenal capsules of 
the horse and other animals. It is characterized by its powerful 
hemostatic properties. On oxidation, it yields protocatechuic 
acid, and on distillation with caustic soda, methylamine. With 
benzoyl! chloride it forms a tribenzoy! derivative. 

It is synthetically prepared by a German firm, the Fars- 
WERKE VORMALS MEISTER, Lucius unp Brtnina. Chloroacetyl 
chloride reacts with catechol (I.) to form chloroacetylcatechol (11.). 
On treatment with methylamine, this substance yields an amino- 
ketone (III.), reducible to adrenaline (IV.): 


HOY \ HO” \NCO:CELC! HOC \CO-CHy-NH-CHs 
HO HO 
We 


HOK \CHOH-CHz-NH-CH, 


oe ire ea EVE | 


HO 


IV. COMPOUNDS WITH THE NITRO-GROUP AND AMINO-GROUP. 
Nitroanilines. 


395. Nitroanilines can be obtained by the partial reduction of 
dinitro-compounds by means of ammonium sulphide. Another 
method for their production consists in the nitration of anilines. 
though if nitric acid is allowed to act directly on this base the 
resulting products are mostly those of oxidation. If nitration is 
to be carried out, the amino-group must be ‘‘protected ” against 
the action of this acid, either by first converting the aniline into 
acetoanilide, or by causing the nitric acid to react in presence of a 
large quantity of sulphuric acid. When the acetyl-compound is 
employed, p-nitroaniline is the chief product: with sulphuric acid, 
chiefly m-nitroaniline and p-nitroaniline are formed, and a very 
small proportion of the 0-nitroaniline. 

In these substances there is a weakening of the basic character, 
m-nitroaniline, for example, yielding salts which are decomposed 


by water. 
NO, 


o-Nitroaniline, m-nitroaniline, and p-nitroaniline, CeHa< ya - 
2 


are yellow, crystalline compounds, readily soluble in aleohol. Their 
melting-points are respectively 71°, 114°, and 147°. 
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Nitrobenzoic Acids. 


396. m-Nitrobenzoic acid is the principal product obtained by 
nitrating benzoic acid; some o-nitrobenzoic acid and a very small 
proportion of p-nitrobenzoic acid are simultaneously formed. The 
ortho-compound is best obtained by the oxidation of o-nitrotoluene, 
and is characterized by an intensely sweet taste. 

The introduction of the nitro-group causes a large increase in 
the value of the dissociation-constant 104k, which for benzoic acid 
itself is 0-6, for o-nitrobenzoic acid 61-6, for the m-acid 3-45, and 
for the p-acid 3-96. The melting-points of these acids are re- 
spectively 148°, 141°, and 241°. 


Aminobenzoic Acids. 


397. The most important of the aminobenzoic acids is 0-amino- 
benzoic acid, called anthranilic acid, first obtained by the oxidation 
of indigo (468). It has the character of an amino-acid, yielding 
salts with both acids and bases. It possesses a sweet taste and 
slightly antiseptic properties. It is obtained by the method of 
HooGcrwerrr and van Dorp (264), by treating phthalimide with 
bromine and caustic potash. The potassium salt of phthalaminic 
acid is first formed, and then changes into anthranilic acid: 


cate ont— calc SINE cat hy 


Pht halimide Potassium phthalaminate Anthranilic acid 


Anthranilic acid melts at 145°, and can be sublimed without 
decomposition. It dissolves readily in water and in alcohol. By 
the method indicated it is prepared technically for the synthesis of 
indigo, bleaching-powder being substituted for the caustic potash 
and bromine. Its methyl ester causes the fragrance of many 
flowers. It has a powerful, but agreeable, odour, and finds 
application in the perfume-industry. 


ORIENTATION OF AROMATIC COMPOUNDS. 


398. Orientation is the determination of the relative positions 
occupied by the side-chains or substituents in the benzene-ring. 
A description of a number of the most important substitution- 
derivatives of benzene having been given in the foregoing pages, it 
becomes necessary to furnish an insight into the methods by which 
orientation is carried out. 5 

These methods are based on two main principles. 

1. Relative determination of position —The compound with sub- 
stituents in unknown positions is converted into another with 
known positions, it being inferred that the first compound has its 
substituents arranged similarly to the second. If, for example, the 
constitution of one of the three xylenes is required, the hydrocarbon 
can be oxidized. The particular phthalic acid formed indicates the 
positions of the methyl-groups in the xylene under examination, 
provided the positions of the carboxyl-groups in the three phthalic 
acids are known. 

To apply this method, it is necessary to know the positions of 
the substituents in a small number of compounds, and it is further 
assumed that the positions of the substituents remain the same 
during the course of the reactions involved. Usuaily, this continu- 
ity holds, although the position of the side-chain does alter in a few 
reactions. 


The three bromo-sulphonie acids are converted into resorcinol 
by fusion with caustic potash (375). There are other examples of 
change of position when the sulpho-group is replaced by the hydroxy]- 
group, by fusion with caustic alkalis. 


To avoid erroneous conclusions, it is, therefore, desirable in 
cases of doubt to check the determination of position by converting 


the substance into another compound. 
476 
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2. Absolute determination of position.—The positions of the sub- 
stituents are determined without the aid of other compounds with 
substituents in known positions. A general method is afforded by 
KORNER’S principle, by which it is possible to ascertain whether 
substances CgH4X2, containing two substituents, are ortho-com- 
pounds, meta-compounds, or para-compounds, effected by deter- 
mining the number of trisubstitution-products corresponding to 
them. 

When a third group, Y, is introduced into an ortho-compound, 
CeH4X2, whether Y is the same as or different from X, only two 
isomerides can be formed, 


xX x 
© and tes 
Y Ne 
Y 


The introduction of a third group into a mefa-compound renders 
possible the formation of three isomerides, 


, Be oe Xx 
S10 ane 
ee 


With a para-compound the introduction of a third group yields 
only one trisubstitution-product, 


OF 
Xx 
In addition to this general method, there are other special 


methods, several of which are described. They substantiate fully 
the conclusions already arrived at by KOrNER’s method. 
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1. Absolute Determination of Position for ortho-Compounds. 


399. For the ortho-series, the structure of a dibromobenzene 
melting at —1° is determined by means of KOrNeER’s principle: 
this body yields two isomeric nitrodibromobenzenes. The con- 
stitution of a xylene boiling at 142° and melting at —28° has also 
been established by this method: it gives rise to two isomeric 
nitroxylenes when treated with nitric acid. This xylene is con- 
verted into phthalic acid by oxidation, proving that the latter is 
an ortho-compound. 

The oxidation of naphthalene (431), CioHs, to phthalic acid also 
proves that the carboxyl-groups of this acid are in the ortho-posi- 
tion. This reaction indicates that the structure of naphthalene 
must be CeH4< C4H4, the group C,H, being linked to two positions 
in the benzene-ring. When naphthalene is treated with nitric acid, 
nitronaphthalene is formed, and is converted by oxidation into 
nitrophthalic acid. The group C4H4 has, therefore, been converted 
into two carboxyl-groups: 


NOp-CsHs < CuH > NO2-CsHa < QOOH. 
Nitronaphthalene Nitrophthalic acid 


If, however, the nitro-group is reduced, and the aminonaphthalene 
thus obtained oxidized, phthalic acid is formed. Hence, the group 
4H, forms a second benzene-ring with the two carbon atoms of 
the benzene-ring, so that naphthalene must be represented by the 
formula 


The oxidation of nitronaphthalene and aminonaphthalene is 
expressed by the scheme 


COOH 
——je ’ 
wy OOH 


NOs NO2 
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and 


HOOC 
—> 
HOOC 


NH, 


Phthalic acid must, therefore, be an ortho-compound, because 
if it be assumed to have the meta-structure, for example, naphtha- 
lene must be represented by the formula 


OD 
which involves a contradiction, for there could not then be a ben- 


zene derivative produced by the oxidation of both nitronaphthalene 
and aminonaphthalene. 


2. Absolute Determination of Position for meta-Compounds. 


400. The proof that mesitylene is symmetrical trimethylbenzene 
(1:3:5) is stated thus by LADENBURG. 
If this compound has the constitution 


H 
CH; “\ CH 


lvl Hie? 
CH; 


the three hydrogen atoms directly linked to the benzene-ring must 
be of equal value. If this can be proved, the structure of mesityl- 
ene is established. 


The proof of the equality is as follows. On nitrating mesitylene a 
dinitro-compound is obtained. If the hydrocarbon is represented by 


abe 
I. (C,(CH,);,HHH, 


the dinitro-compound may be arbitrarily assumed to be 


a De Ae 
II. C,.(CH;),NO,NO,H. 
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One of the nitro-groups of the dinitro-compound is reduced, and 
the resulting amino-compound is converted into an acetyl-derivative: 
suppose that this acetyl-derivative is 


6 
Ill. C,(CH,),NO,NH (C,H,0)H. 


This substance can be again nitrated, when there must result 


a b 
C,(CH,);NO,NH(C,H,0)NO). 


It is possible to eliminate the acetylamino-group, NH(C,H;0), 
from this compound by saponification, subsequent diazotization, etc. 
A dinitromesitylene with the formula 


On UO 5 
C.(CH3);3NO,HNO, 


is obtained, identical with the former dinitro-product, the nitro- 
groups of which are at a and b. It follows that 


Hb=He, 


Nitromesidine, a:b, the acetyl-compound of which is represented 
by formula III., furnishes a further proof that He=H¢e. When the 
amino-group is eliminated by means of the diazo-reaction, there is 
formed 


Wyte 
IV. (C,.(CH;);NO,HH. 


This substance is reduced, and converted into an acetyl-compound, 
acetylmesidine, 


a b 
C,(CH,);NH(C;H,0)HH, 


which can be again nitrated, yielding 


a b 
C,(CH,)sNH(C,H,0)NO,H. 


It is immaterial whether the nitro-group of this compound is at b or 
c, since the equality of these positions relative to a has been already 
proved. 

On eliminating the acetylamino-group from the last substance, 
a mononitromesitylene is produced, identical with the compound 
IV. Hence, a=b=c, which completes the proof of the equality of 
the three hydrogen atoms. 


From the known constitution of mesitylene it is possible to 
deduce the structure of many other compounds. For example, 
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partial oxidation converts it into mesitylenic acid, 


COOH 
ea ; 


which is in turn converted into xylene by distillation with lime: this 
xylene must be the meta-compound. Oxidation converts m-xylene 
into ¢vsophthalic acid, indicating that the carboxyl-groups in the 
latter occupy the meta-position. These determinations of position 
have been fully substantiated by the application of K6rner’s 
principle. Thus, Néutine has prepared three isomeric nitroxyl- 
enes, in which the relative positions of the methyl-groups are the 
same as in the xylene obtained from mesitylenic acid. 

Among other meta-compounds in which the position of the 
groups has been independently established, is a dibromobenzene 
boiling at 220°. Korner proved that corresponding to this sub- 
stance are three isomeric tribromobenzenes and three nitrodibromo- 
benzenes. In conclusion, the phenylenediamine melting at 62° can 
be obtained from three different diaminobenzoic acids by elimina- 
tion of COs, so that it also must be a meta-compound. 


3. Absolute Determination of Position for para-Compounds. 


401. KOrNER’s principle has been of great service in determin- 
ing the constitution of some members of the para-series. For 
example, from the xylene boiling at 138°, and melting at 13°, it is 
only possible to obtain one nitroxylene: the phenylenediamine 
melting at 140° can only be obtained from one diaminobenzoic acid 
by removing CO2: and so on. 

These determinations of position have been confirmed by 
another method, exemplified by the identification of a hydroxy- 
benzoic acid melting at 210° as a para-compound. The starting- 
point of the proof is bromobenzoic acid, obtained directly by 
the bromination of benzoic acid. On nitration, two isomeric 
nitrobromobenzoic acids are formed, either of which yields on 
reduction the same aminobenzoiec acid, anthranilic acid. This 
acid can be converted into salicylic acid by means of the diazo- 
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reaction. It follows that in both the isomerides the nitro-group 
must be situated symmetrically to the carboxyl-group; at 2 or 6, 
or at 3 or 5, if the carboxyl-group is at 1. The same reasoning 
establishes the position of the hydroxyl-group in salicylic acid. 
The bromine atom cannot be at 4, because two isomeric nitro-com- 
pounds which would yield the same aminobenzoic acid on reduction 
could not be obtained from 


Br COOH. 


The bromine atom must, therefore, occupy the meta-position or 
ortho-position to the carboxyl-group. A hydroxybenzoic acid melt- 
ing at 200°, corresponding with this acid must be, therefore, meta 
or ortho. Since the isomeric salicylic acid can also be only a meta- 
compound or an ortho-compound, there remains no possibility, 
except the para-structure, for the third hydroxybenzoic acid melt- 
ing at 210°. 


Determination of Position for the Trisubstituted and Higher- 
substituted Derivatives. 

402. This orientation can usually be effected by ascertaining 
the relation in which they stand to the di-derivatives of known 
constitution. For example, since a certain chloronitroaniline. 
CeH3Cl(NOz)(NHg), is obtained by nitrating m-chloroaniline, 

NH, 
< Or 


and yields p-chloronitrobenzene, 


eS 
NOX Cl, 
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by exchange of the amino-group for hydrogen, it must have the 
constitutional formula 
NH2 


os 
NOx Cl 


403. A more complicated example of orientation is afforded by 
the determination of the positions of the groups in picric acid. 
Careful nitration converts phenol into two mononitrophenls, 


OH OH 
Va 
OR and O 
MP. 45° M.P. 114° 


One of these mononitrophenols must be the ortho-compound and 
the other the para-compound, because the third nitrophenol can be 
obtained from m-dinitrobenzene—the constitution of which has been 
proved by its reduction to m-phenylenediamine (360)—by reduction 
to meta-nitroaniline, and subsequent exchange of NH» for OH by 
diazotizing. 

When further nitrated, both nitrophenols yield the same dinitro-~ 
phenol, which can therefore only have the formula 


OH 
Oe 
No. 


The mononitrophenol melting at 114° is converted by oxidation 
into benzoquinone (356), and must, therefore, be the para-com- 
pound. For the body melting at 45° there remains only the ortho- 
structure. On nitration this o-nitrophenol yields, in addition to the 
1:2:4-dinitropheno! (OH at 1), another dinitrophenol with its groups 
ate lie20, 

OH 


NO.” NO; 
~ 


for on conversion of this into its methyl ether, and heating the latter 
with alcoholic ammonia, the group OCH, is replaced by NH2; and 
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this substance, which has the formula 
NH, 
NO,” \NO,, 
ww 


is converted by substitution of hydrogen for the NH,-group into 
the ordinary meta-dinitrobenzene. Thus, we have two dinitro- 
phenols of known structure, 


OH OH 
in None NO. NNO», 
& o 


NO, 


Further nitration converts both into picric acid, which must, there- 
fore, have the constitution 


NO.“ BE NO, 


From the constitution of picric acid may be inferred the position 
of the groups in ordinary trinitrobenzene, since this compound is 
readily oxidized to picric acid (359). This trinitrobenzene must, 
accordingly, have the symmetrical structure. 


Equivalence of the Six Hydrogen Atoms in Benzene. 


404. It is stated in 288 that benzene does not yield isomeric 
mono-substitution-products, and the inference is drawn that the six 
hydrogen atems of this hydrocarbon are of equal value. 

There are several direct methods of proving this equivalence, one 
of them, devised by NoLtinG, being characterized by its simplicity. 
If the six hydrogen atoms are denoted by a, b, c, d, e, and f, the 
amino-group in aniline may be arbitrarily assumed to be ata. When 
bromobenzene, obtained from aniline by the diazo-reaction (341, 4), 
is treated with methyl iodide, and sodium it yields toluene. On 
nitration, three isomeric nitrotoluenes are obtained—the proportion 
of the meta-compound being very small. In these compounds the 
CH; group is at a, so that the nitro-groups may be arbitrarily assumed 
to be at b, c, and d respectively. On reduction, the three corre- 
sponding toluidines result: 
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C,H;-CH3 (a) > CH3-C,Hy: NO, (b:¢:d) — COOH-C,H,: NH, (b:c:d). 


After protection of the amino-group in each of these compounds by 
acetylation, the three aminobenzoic acids are obtained by oxidation. 
These acids yield, by elimination of CO,,the same aniline, identical 
with the original substance. It follows that a=b=c=d. 

The starting-point of the proof of the equivalence of e and f to 
a, b, c, and d is o-toluidine, in which the CH;-group may be assumed 
to be at a, and the NH,-group at b. Nitration of its acetyl-deriva- 
tive, followed by elimination of the acetyl-group, produces simul- 
taneously four nitro-o-toluidines. Since a and b are occupied, the 
hitro-groups must be at c, d, e, and 7 respectively. Replacement of 
the amino-group by hydrogen yields four nitrctoluenes, a:c, a:d, 
a:e,anda:f. The first two are m-nitrotoluene and p-nitrotoluene: 
they are also obtained by direct nitration of toluene, as described in 
the previous paragraph. The nitrotoluene a:e is identical with a:c, 
and a:f with a:b, which indicates the equivalence of ¢ to e and of 
b to j, thus completing the proof. 


Influence of the Substituents on Each Other. 


405. The influence of the substituents on each other is very 
important, and manifests itself in various ways. It affects the 
relative positions taken up by the substituents, when introduced 
simultaneously or in succession into the benzene-nucleus. Let the 
simplest case be considered first, the introduction of a second atom 
or group into a monosubstituted compound CgH;X. One of the 
three possible isomerides is always obtained as the chief product 
the second isomeride being produced in less quantity, while the 
yield of the third isomeride is very small. For example, when 
benzoic acid is nitrated at 0°, 80-2 per cent. of m-nitrobenzoic acid, 
18-5 per cent. of o-nitrobenzoic acid, and only 1-3 per cent. of para- 
nitrobenzoic acid are formed. On nitration at 30°, nitrobenzene 
yields 90-9 per cent. of m-dinitrobenzene, 8-1 per cent. of o-dinitro- 
benzene, and 1 per cent. of p-dinitrobenzene. It has often been 
stated that the introduction of a second group results in the forma- 
tion of only one or two isomerides; but when a careful examination 
has been made as to the presence of the third isomeride, it has been 
shown to be present in minute quantity; so that it is probable 
that the three isomerides are always formed, although in very 
different proportions. 
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The relative proportions of the different isomerides formed 
depend upon three factors: the particular substituent already in 
the nucleus; the group introduced; and the temperature of sub- 
stitution. It is also influenced by certain other conditions. The 
table indicates how these quantities depend upon the two first- 
mentioned factors, the numbers in brackets indicating the by- 
products. 


Position entered by Substituents. 
Element or Group already 
present (in Position 1), 


cl Br I SO.H NO» 

Cle ong Oe ee 4(2) 4(2) | 4 4 4(2) 

| sae ee aie crite ea LW 4(2) foe 4(2) 

Dip Une eet 4(2) 
Ore eles Sate ines 4(2) 4(2) | 4(2) | 4(2) 4(2) 
SOs ais een ee 3 3(4) 3(2)(4) 
NOSE at yok. eee 3 3(2)(4) | 3(2)(4) 
NA e re hee re ee 4 4 4 4 4(2) 
CH ae aa oe ete 4(2) 4(2) 4(2) 4(2) 
COOHin pice tenn 3 3 3 3(4) 3(2)(4) 
ONPASS ce a 4 3 


It is apparent that there is an opposition between the formation 
of ortho-derivatives and para-derivatives on the one hand, and of 
meta-derivatives on the other. Either the two first are the chief 
products, or the last. Concerning the influence of temperature, it 
has been proved by researches on nitration that the quantity of the 
by-products is the smaller, the lower the temperature of nitration. 

This opposition between ortho-derivatives and para-derivatives 
on the one hand, and meta-derivatives on the other, is not only 
observed in their preparation, but also in many of their properties. 
As a class, the meta-compounds are more stable towards reagents 
than the ortho-derivatives and para-derivatives. An example is 
given in 359. It may be further noted that o-nitrobromobenzene 
and p-nitrobromobenzene, CgH4,BrNOz, are converted by ammonia 
into the corresponding nitroanilines, CgH4(NH2)NOe, whereas m- 
bromonitrobenzene does not react with ammonia. 

406. Ortho-groups sometimes exert a remarkable influence in 
retarding or partially preventing reactions which take place readily 
in their absence. The following reactions exemplify this pheno- 
menon. 

When an acid is dissolved in excess of absolute alcohol it can be 
almost quantitatively converted into an ester by passing a current 
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of hydrochloric-acid gas through the mixture (99). Victor MryrEr 
and his students found, however, that esterification of acids con- 
taining two groups in the ortho-position relative to carboxyl, 


could not be thus effected. On the other hand, when the acid 
has been converted into an ester (by means of the silver salt and 
an alkyl halide) the ester so formed can only be saponified with 
difficulty. When the two substituents occupy any of the other 
positions, these peculiarities do not manifest themselves, or at least 
not to the same extent. Ketones substituted in the two ortho- 
positions, 

CH3 

< 00-R, 
CH3 


where R is an alkyl-radical, cannot be converted into oximes, 
wherein they differ from all other ketones. 0-o-Dimethylaniline, 


CH3 
NHe, 
CH3 


is not converted by treatment with an alkyl iodide into a quater- 
nary base. Pentamethylbenzonitrile, Cg(CH3)5CN, cannot be hy- 
drolyzed to the corresponding acid. The methyl-hydrogen in 0-0- 
dinitrotoluene, 


NO: 2 
CMC CHS 1 ip 


cannot be replaced by halogens even at a high temperature (200°), 
as is also true of 1:2:4-dinitrotoluene. In spite of numerous 
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attempts, the hydrolysis of o-nitrosalicylonitrile, 
OH 


oes 
NOg’ 


to the corresponding acid, 


OH 


COOH 
NOy a 
has not been effected. 


Groups occupying positions further separated sometimes exert 
a similar effect. One of the NOo-groups of symmetrical trinitro- 
benzene is replaced by OCH3 through the action of sodium 
methoxide: for trinitrotoluene, 


NO» 
NOX CH, 
NO. 


this substitution is not found possible, the methyl-group preventing 
exchange of the nitro-group even in the para-position. 


HYDROCYCLIC OR HYDROAROMATIC COMPOUNDS. 


407. A number of compounds occur in nature containing pro- 
portions of hydrogen intermediate between those in the aromatic 
derivatives with saturated side-chains and those in the saturated 
aliphatic derivatives. These hydrocyclic or hydroaromatic com- 
pounds are readily converted into aromatic bodies. Caucasian 
petroleum contains naphthenes, with the formula C,Ho,, which 
have two hydrogen atoms less than the corresponding saturated 
hydrocarbons, C,H2,+2, but nevertheless display all the properties 
characteristic of saturated compounds. The explanation is that 
they lack multiple bonds, but have a closed carbon chain; thus, 

CH <n cy > Oli. 


Hexamethylene 


The terpenes, CioHig, are vegetable-products, and are the prin- 
cipal constituents of the ‘essential oils.” These oils also contain 
compounds of the formule C;9H160, Cy90H180, and C19H290, among 
them the camphors. Like the naphthenes, the terpenes and cam- 
phors are readily converted into aromatic compounds, and therefore 
belong to the hydrocyclic series. The progress recently made in 
this division of organic chemistry has rendered a systematic classi- 
fication of these compounds possible. 

408. Two principal methods are employed in their preparation: 
by one they are got from compounds of the aliphatic series, and 
by the other from those of the aromatic series. Several examples 
of each method will be cited. 

On dry distillation, calcium adipate yields ketopentamethylene 
(284). By the same treatment calcium pimelate is converted into 
ketohexamethylene: 


ofr, 0H s Cie 00> Ca = CHa <Gr ory > 00+ Ca0Os. 
San este Ketohexamethylene 


489 
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This structural formula is established by the ketonic character of 
the compound, and by the fact that dilute nitric acid oxidizes it 
almost quantitatively to adipic acid: ; 


CH2-CH2-CO CH2-CH2-COOH 
e . > * A, 
CH2-CH2-CH, CH2-CH2,-COOH 


Ketohexametbylene Adipic acid 


Diethyl succinate constitutes an important basis for the syn- 
thesis of other hexamethylene derivatives. In presence of sodium, 
two molecules of it condense to diethy! succinylsuccinate, which 
melts at 127°: 


O003H; CO0C2Hs 
cH,” CH, 
+ | 
He prous 
C,H,00C C,H,00C 
, Diethyl succinate 
CO. 
va 


H.C 7 -COOC2Hs 
C.H;OOC- He Piet 


ih 
CO 


Diethyl succinylsuccinate 


+2C.H;0H. 


The free acid, obtained by saponification, is decomposed at 200°, 
with elimination of two molecules of carbon dioxide, yielding 
p-diketohexamethylene, 


GH: CH: 
cog 00. 
CH= CEs 


The structural formula of this substance is indicated by this syn- 
thesis, and also by its reduction to ketohexamethylene. 

409. The second method of obtaining hydrocyclic compoundshas 
been much simplified by the researches of SABATIER and SENDERENS. 
They found that many aromatic hydrocarbons, such as benzene and 
its homologues, are readily hydrogenated to hexamethylene and 
its derivatives by passing their vapours mixed with hydrogen over 


§ 410] HY DROCYCLIC COMPOUNDS. 491 


heated, finely-divided nickel, which is obtained by reduction of the 
oxide, and exerts a catalytic influence: 


Ci Heeieler CHa: 


Benzene Hexamethylene 


Benzoic acid can be hydrogenated to hexahydrobenzoic acid by 
the action of sodium on its solution in amy! alcohol at the boiling- 
peint. The phthalic acids and polybasic aromatic acids are hydro- 
genated by treating them in aqueous solution with sodium-amalgam. 

In describing the hydrocyclic compounds, it is convenient to 
treat the cymene derivatives, or terpenes, separately, for they 
exhibit many characteristic properties. The other hydrocyclic 
compounds will first be briefly reviewed. 

410. Hexamethylene is the simplest member of this group. It 
is best obtained by the method of SaBaTieR and SENDERENS (409). 
Like its homologues, it is a colourless liquid. Its boiling-point, 80°, 
is very near that of benzene, 80-4°: as the crude hydrogenation- 
product always contains benzene, the isolation of pure hexamethyl- 
ene from it by fractional distillation is therefore impracticable. In 
its separation, advantage is taken of its stability at ordinary tem- 
peratures towards fuming sulphuric acid and concentrated nitric 
-acid, which respectively convert benzene into benzenesulphonic 
acid and nitrobenzene. Since each of these compounds is soluble 
in the corresponding acid, and hexamethylene insoluble, the sep- 
aration of the latter can be readily effected. The melting-point 
(89) affords the best criterion of the purity of hexamethylene. It 
is 6-4°, and therefore approximates closely to that of benzene, 5-4°. 

Chlorine reacts very energetically with hexamethylene in dif- 
fused sunlight, and with explosive violence in direct sunlight. A 
mixture of substitution-products is formed, from which mono- 
chlorohexamethylene can be obtained by fractional distillation. 
Replacement of the Cl-atom in this compound by hydroxy] is not 
readily effected: treatment with alcoholic potash converts it into 
tetrahydrobenzene, a liquid boiling at 83°-84°, and possessing all the 
properties characteristic of unsaturated compounds. 

When a mixture of phenol-vapour and hydrogen is passed over 
finely-divided nickel, hexahydrophenol is formed. It is a colourless, 
somewhat thick liquid: it boils at 160-5°, and at a low temperature 
solidifies to a camphor-like mass, which melts at 20°. 
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p-Diketohexamethylene (408) melts at 78°. Careful reduction 
with sodium-amalgam in an atmosphere of carbon dioxide converts 
it into the dihydric alcohol quinitol: 


CH,-CH CHa ere 
cog “C0448 a HO-CHY cH-OH. 
CH, -CH, CH, -CH, 
p-Diketohexamethylene Quinitol 


Two modifications of quinitol are known, distinguished by the 
prefixes cis and trans. They are best prepared from quinol by 
the reduction-method of SaBaTrpR and SENDERENS (409). They 
can be separated by means of their acetyl-derivatives. The 
stereochemical character of their isomerism is indicated by a 
consideration of Fig. 33 (169), in which a pentamethylene-ring is 
represented. If the pentagon is supposed to lie in the plane of the 
paper, one of the free linkings of each carbon atom will lie above, 
and the other below, this plane. If a hexamethylene-ring is simi- 
larly constructed, there is obtained the perspective figure 


ety, 


a 


in which the affinities not forming part of the ring are represented: 
by vertical lines. The isomerism of the quinitols is explained by 
the assumption that the hydroxyl-groups of the cis-modification 
are situated on the same, and of the trans-modification on the 
opposite, side of the hexagon: 


A iH H iH 
Sure Wi OH OH ye he e 
< NSS ee ena 
HS ee ue enere 
ls aE a ace 
cis-Quinitol (M P. 101°) trans-Quinitol(M P. 139°) 


411. Inositol, gH 20¢,isa hexahydric alcohol derived from hexa- 
methylene. Its molecular formula is the same as that of the hexoses: 
on account of its sweet taste and its occurrence in many leguminous 
plants, it was formerly classed with the sugars. Its relation to 
hexamethylene is proved by its reduction with hydriodic acid to 
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benzene, phenol, and tri-iodophenol, and by its conversion by 
phosphorus pentachloride into quinone and substituted quinones. 
The presence of six hydroxyl-groups is indicated by the formation 
of ahexa-acetate. Inositol is also a constituent of the heart-muscle, 
the liver, and the brain. 

Ketohexamethylene can be prepared from pimelic acid (408), but 
is more readily obtained by the oxidation of hexahydrophenol with 
chromic acid. It boils at 155°. Its alkaline solution reacts with — 
benzaldehyde to form a well-crystallized condensation-product: 

CH,-CH +OCH-CsH 
CHa aco ee 
CH2-CH2 +OCH-CeHs 


Ketohexamethylene 

yee -C=CH. CeHs 

=2H.20 ThE >CO : 
CHy -C=CH.- CeHs 


Dibenzalketohexamethylene 


This reaction furnishes a good test for ketohexamethylene. 

The properties of the hydrocyclic acids are analogous to those 
of the aliphatic acids. Thus, hexahydrobenzoic acid has a rancid 
odour, like that of capric acid. It melts at 92°, almost 30° lower 
than benzoic acid, which melts at 121-4°. The hydrophthalic acids 
exhibit isomerism which admits of the same explanation as that of 
quinitol. 

TERPENES. 


412. The terpenes are hydrogenated derivatives of cymene and 
its substitution-products. Many of them are vegetable products. 
They are readily volatile with steam, and this property facilitates 
the isolation of the natural terpenes. The distillate separates into 
two parts, an aqueous layer below, and a mixture of terpenes above. 
After drying, the terpene-layer is fractionated several times 7 
vacuo to isolate its constituents. Complete purification has some- 
times to be effected by conversion of the terpenes into derivatives 
which can be freed from impurities by crystallization: from the 
crystalline compounds thus obtained the terpenes can be regen- 
erated. ; 

Von Barrer has devised a rational nomenclature for the 
numerous derivatives of hydrogenated cymene. He numbers the 
earbon atoms of this hydrocarbon as in the scheme 


494 ORGANIC CHEMISTRY. {§ 412 


Ci7, 


Cig) 


Vien 
Cia, Cao) 


A double linking between two carbon atoms, such as 3 and 4, is 
denoted by 4?. 

The saturated cyclic hydrocarbon herahydrocymene, Ci9H29, is 
called menthane. It is not a natural product, but can be obtained 
by the interaction of cymene and hydrogen with nickel as a cata- 
lyst. It boils at 170°. 

The saturated alcohols and ketones derivable from menthane 
are very important. Among them is menthol or 3-menthanol, 
C,9H200, the principal constituent of oil of peppermint, from which 
it crystallizes on cooling. It forms colourless prisms of character- 
istic peppermint-like odour. It melts at 43°. 

Menthol has the constitution 

CH3 


| 
CH 


eX 
H,C CH 


CH 
ZENS 
CH, CH; 


Menthol 
It is a secondary alcohol, since oxidation with chromic acid elimi- 
nates two atoms of hydrogen, yielding a substance of ketonie charac- 
ter, called menthone, a constituent of oil of peppermint. Since there 
are several processes for the conversion of menthol into cymene or 
its derivatives, it must contain a cymene-residue. One of these 
methods also proves that the hydroxyl-group is attached to carbon 


§ 413] TERPENES. 495 


atom 3: when a solution of menthone in chloroform is treated with 
bromine, there results a dibromomenthone, from which quinoline 
eliminates 2HBr, forming thymol! (304), 


CH; 


CH(CHs3)s 


Thymol 
When thymol is heated with phosphoric oxide, it yields propyl- 
ene and m-cresol (304), so that its methyl-group and hydroxyl- 
group must be in the meta-position. 

413. Terpin, CyoHig(OH)2, a dihydrie alcohol, is also a derivative 
of menthane. Its hydrate, CjgH2902+H20, is obtained by keeping 
oil of turpentine in contact with dilute nitric acid and a small pro- 
portion of alcohol in shallow dishes for several days. During the 
process the turpentine takes up the eloments of three molecules of 
water. Terpin hydrate forms well-defined crystals, melting at 117°. 
On heating, it loses one molecule of water, anhydrous terpin distil- 
ling at 258°. 

Terpin can be synthesized from geraniol, 


CEES 


)0=CH CH: -CH, -C=CH -CH0H. 
CH; 


CH; 
Geraniol 
When agitated for a prolonged time with sulphuric acid of five per 
cent. strength, geraniol takes up two molecules of water, being 
almost quantitatively converted into terpin hydrate: 


CH3 me 
é C-OH 
aa YS 
H.C CH a oe 
| | 
H.C CH,OH ae 2H20 = HC CH,OH a H,O ae 
~ AY 
CH ie 
t C-OH 
aX vo 
CH; CH3 CH; CH3 


Geraniol Terpin hydrate 
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TaN 

CH; CHg3 

Terpin 
This mode of synthesis indicates that terpin is 1:8-dihydroxy- 
menthane, and there is other evidence in favour of this view. 
Hydriodic acid reduces it to menthane, proving the presence of a 
ecymene-nucleus. Oneof the hydroxyl-groups is at position 8, for 
when terpin is oxidized with nitric acid, terebic acid, 


—=60 
H.C COOH 
\ 
CH 
0 C 
ax 
CH; CH, 


Terebic acid 
is formed. 


The constitution of terebic acid is established by its synthesis 
from diethyl bromosuccinate and acetone in presence of zine: 


ZnBr 
0 
CH, Br-CH -COOGH, CH, © 
i a = S¢—CH-Co0c.H, bes 
CH-COOC:H, CH, 
CH2-COOCH, 
CH, 
OP? ¢ CH-COOH 
0 


\co—CH: 


Terebic acid 
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The synthesis of terpin from geraniol indicates that the second 
hydroxyl-group may be at 1 or at 2. If it is at 2, this carbon atom 
must be asymmetric; but terpin is optically inactive, and has not 
been resolved into optically active components. It therefore does 
not contain an asymmetric carbon atom, so that the second hy- 
droxyl-group must be at position 1. 

Elimination of water from terpin yields, among other products 
(414), a substance of the formula CjgH 10, which is neither an alco- 
hol nor a ketone, and is identical with cineol, a constituent of many 
essential oils. Oil of eucalyptus and oil of wormseed (Oleuwm 
cine) contain a large proportion of this compound. Its mode of 
formation and properties indicate that cineol has the constitutional 
formula 


a 
CH3 CHg3 
Cineol 

414. Some of the unsaturated derivatives of menthane are also 
very important. The menthenes, CjoHig, hydrocarbons with one 
double linking in their molecule, need not be considered, but the 
alcohol terpineol and the ketone pulegone, derived from them, merit 
description. 

Terpineol, C;9H,gO, is a constituent of some essential oils. It 
has an odour resembling that of lilacs: it melts at 35°, and boils at 
218°. Terpineol is closely related to terpin, since agitation with 
dilute sulphuric acid converts it into terpin hydrate: inversely, 
boiling with dilute sulphuric acid regenerates terpineol from terpin 
hydrate, with elimination of water. 

The constitution of terpineol must therefore be very similar to 
that of terpin, the only question being which of the hydroxyl- 
groups of the latter has been eliminated from the molecule along 
with one hydrogen atom. Since an optically active terpineol is 
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known, it must be hydroxyl-group 1 of terpin, so that terpineol has 
the constitution indicated in the scheme 
CH3 CH3 


| | 
C C-OH 


aX YN 
H.C CH oe H.C CHe 


fF cared [Pear 
H.C CH» — HC CHo 
Wwe 


ha 
CH CH 
: | | 
C-OH C-OH 
aS va 
CH3 CH3 CH; CH3 
Terpineol Terpin 


Carbon atom 4 in the formula given is asymmetric, whereas removal 
of water from C-atoms 4:8, 8:9 (=8:10), or 1:7 could not produce 
an asymmetric carbon atom. 

Pulegone, CyoH,6O, is the principal constituent of the cheap 
oil of polei. It boils at 222°, and has a peppermint-like odour. 
The formation of an oxime indicates that it is a ketone. On 
reduction with sodium and alcohol, it takes up four hydrogen 
atoms, yielding menthol, which proves that the carbonyl-group is 
at position 3: 


CH3 CH3 
| | 
CH CH. 
VAX oN 
Rene elk He Hs 
ee ee ee 
H.C Co H.C CHOH 
~ Sis 
C CH 
|| | 
C CH 
aN ye 
CH; CHg CH; CH: 
Pulegone Menthol 


Both oxidation and heating with water decompose pulegone with 
formation of acetone, so that the double linking is between C-atoms 
4 and 8. 

415. Among the unsaturated menthane derivatives with two 
double linkings are the hydrocarbons terpinolene, d-limonene, and 
l-limonene, and their racemic form, depentene. Each has the for- 
mula Ci0 Hi 6. 
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Terpinolene boils at 185°. It is formed when terpineol is boiled 
with oxalic-acid solution, one molecule of water being eliminated. 
Theoretically, two reactions are possible: 


CH3 CH3 : CH3 
C C C 
VS Va PEN. 
H.C CH H.C CH H.C CH 
| (SHO ee | or | ees 
H.C CH» H.C CHo H.C CHe 
ie WE SA 
CH C CH @ 
A || 5 
C-OH C C 
LN eX Vas 
CH, CH, CH, CH, CH, CH, 
coe peau d- and bi et 


Since terpinolene is optically inactive, and is derived from the opti- 
cally active terpineol, the asymmetry of the carbon atom must 
have vanished, as in formula II. C-atom 4 of formula III. is asym- 
metric, as in terpineol itself, formula I. 

Formula III. is that of the optically active limonene, which 
occurs in many essential oils and varieties of turpentine. It has an 
agreeable, lemon-like odour. Its constitution is inferred from two 
facts: first, it is also obtained from terpineol by elimination of 
water, effected by heating with potassium hydrogen sulphate; 
second, addition of 2HBr yields the same dibromomenthane as is 
obtained from terpin by exchange of the hydroxyl-groups for 
bromine: 


CH3 CH3 CH3 
| | | Br 
C-OH C-Br Cee. 
aN ye rate 
H.C CH, H.C CH, H.C CH 
| Leia eyecare. | 
H.C CH, H.C CH H.C CHa 
We wee Swe. 
CH CH CH 
| | Br 
C-OH C-Br i + C 
ae an. aN 
CH; CH3 CH; CH; CH, CH3 


Terpin Dibromomenthane Limonene 
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Dipentene, a constituent of oil of turpentine, is also obtained 
by mixing d-limonene and /-limonene in equal proportions by weight. 
Like the limonenes, it yields a well-crystallized tetrabromide, indi- 
cating the presence of two double linkings in its molecule. 

416. Carvone, Cy9H140,is animportant ketone belonging to this ° 
group. It is the principal constituent of oil of carraway, and has 
its characteristic odour. It boils at 228°. Related to carvone is 
carvacrol, which is obtained from it by heating with caustic potash: 


CH; ie 
r) d CG 
VAS 
ii aes HC’ CO 
ln = ie 
ae cH BC 
i CH 
CH | ( 
aN 
CH, CH; ao 
Carvacrol Carvone 


The hydroxyl-group in carvacrol is linked to C-atom 2, since, on 
heating with phosphoric oxide, propylene is evolved, and o-cresol 
(304) formed. The carbonyl-group in carvone is assumed, there- 
fore, to be at position 2. Carvone is proved to be a ketone by the 
formation of an oxime, called carvorime. 

When nitrosyl chloride is added to limonene, subsequent elim- 
ination of HCl yields carvoxime: 


CH; CH; 
C C-Cl 
Yon aXe 
H.C CH H.C C:NOH 
(2 eee NOGl = alee) Spee ; —HCl = 
H2C Coz H.C CHy 
SOA Ne 
CH CH 
C C 
VA VN 
CH, CH, CH, CHg 
Limonene Limonene nitrose- 


chloride 
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Us 
CH, CH; 


Carvoxime 
This reaction proves that carvone contains one double linking 
4°*9, but leaves it doubtful whether the other double linking is 
4° or 41:7. In the production of terpineol from terpin the double 
linking is formed between two C-atoms of the nucleus, and by 
analogy this should also hold for carvone. Further evidence in 
favour of the formula indicated is afforded by the decomposition- 
products of the carvone molecule, but the details are beyond the 


scope of this work. 


Polycyclic Terpene Derivatives. 

417. There exist hydrocarbons of the formula Cy9Hig which 
contain but one double linking, for they take up only two univalent 
atoms or groups. As they contain four hydrogen atoms less than 
the saturated cyclic menthane, CyoH29, they must have a second 
closed chain in the molecule. Moreover, these compounds and 
their derivatives are closely related to cymene, most of them being 
convertible into it or kindred substances. Investigation has shown 
that the formation of the second ring can take place in three different 
ways, as the formule indicate: 

CHs CH3 
CH CH 
ye VAS 
Ho cn rc cH 


H,0 | cH HC. | //CHs 
X Ns 
Wa CH 


Carane Pinane 
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Camphane 


The tertiary carbon atom takes part in the formation of the 
Ting, or ‘“‘bridge-formation.” Carane has a _ trimethylene-ring, 
pinane a tetramethylene-ring, and camphane a pentamethylene- 
ring. Several members of these three groups will be considered. 

Carane itself is unknown, but there is a synthetic derivative, 
carone, which is not a natural product. It has the structural 
formula 


Carone 


for opening of the trimethylene-ring at 3:8 yields derivatives of 
p-cymene, and at 4:8 derivatives of m-cymene. 

Pinene is the typical member of the pinane-group. It is the 
principal constituent of the various oils of turpentine, and is, 
therefore, also of technical importance. It is optically active, a 
dextro-rotatory, a levo-rotatory, and an inactive modification being 
known. It boils at 156°. The presence of a double bond is proved 
by addition of one molecule of hydrochloric acid, the dry gas pre- 
cipitating from cooled oil of turpentine a compound of the formula 
C1oHi¢: HCl, called “artificial camphor,” which resembles camphor 
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X 
both in appearance and odour. Pinene also readily forms an addi- 


tion-product with nitrosyl chloride. 
Pinene has the formula 


Pinene age 


The presence of a tetramethylene-ring is assumed in order to ex- 
plain the constitution of oxidation-products of pinene, such as 
pinonic acid and pinic acid, and for other reasons. Under the 
influence of benzenesulphonie acid, pinene in acetic-acid solution 
combines with one molecule of water to form terpineol, the 
tetramethylene-ring being opened. This transformation indi- 
cates the position of the double bond. 


CAMPHORS. 


418. Ordinary camphor, C,oH1,0, is the most important mem- 
ber of the camphane-group. No other organic compound has been 
so much investigated, or from such widely different points of 
view. Ordinary, dextro-rotatory, ‘‘ Japan camphor ”’ is obtained 
by the steam-distillation of the bark of the camphor-tree. It 
forms a white, soft, crystalline mass of characteristic odour, and 
sublimes even at the ordinary temperature. It melts at 175-7°, 
and boils at 209. 1°. 

The camphor-odour is characteristic of many compounds theo- 
retically derived by substitution of all the hydrogen atoms attached 
to a single carbon atom; that is, of tertiary compounds. Very few 
of the relations between odour and chemical constitution have been 
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discovered, but many compounds containing a double bond are 
characterized by their pleasant aroma, while that of substances with 
a triple bond is frequently disagreeable. 


Camphor is a saturated ketone—saturated because it does not 
yield addition-products, and a ketone because it forms an oxime. 
Reduction converts it into a secondary alcohol, borneol or ‘‘ Borneo 
camphor ” 

CoHig:-CO+2H = CoHig-CHOH. 
Camphor Borneol 

In addition to the carbonyl-group, the camphor molecule con- 
tains a methylene-group, for it has the properties of compounds 
with the group —CH2-CO—. As explained in 200, the hydrogen 
of such a methylene-group can be replaced by the oxime-group by 
the action of amyl nitrite and hydrochloric acid. Camphor reacts 
similarly, these reagents converting it into isonitrosocamphor, which 
melts at 153°: 


CH C—=NOH 
Csi | — Csi le 
Camphor Oma 


Elimination of the oxime-group from isonitrosocamphor yields 
camphor-quinone, 


co 
Cele 
Noo 


On treatment with hydrogen peroxide, this compound readily takes 
up 20H, forming camphorie acid, 


CsHia< COOH 
which can also be obtained directly from camphor by oxidation 
with nitric acid. It follows that, given the constitution of cam- 
phoric acid, that of camphor can be inferred. 

Ordinary camphoric acid is dextro-rotatory, and melts at 187°. 
Four optically active camphoric acids are known: dextro-rotatory 
and levo-rotatory camphoric acid, and dextro-rotatory and levo- 
rotatory isocamphoric acid, with the same constitution as camphoric 
acid. These facts indicate that the molecule of camphorie acid 
must contain two dissimilar asymmetric C-atoms (191). 
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Energetic oxidation converts camphoric acid into the tribasic, 
optically active camphoronic acid, the constitution of which follows 
from its synthesis, and from its decomposition-products when sub- 
mitted to dry distillation. This process decomposes it into tri- 
methylsuccinic acid, 7sobutyric acid, carbon dioxide, and carbon: 


(CH3)2C-COOH (CH3)2C-COOH 


| 
CH;-C-COOH = CH;-CH-COOH+ 


| 
CHy-COOH +C+H,.+CO, 


Camphoronic acid 
(CH3)2CH -COOH + 


CHS, 
+OH yee -COOH + 


+CO». 


From these facts it is possible to deduce a formula for camphoric 
acid, which also accounts for its other properties: 


and 


COOH fen CH, CH———COOH. 
| | 
| CH3—C—CH3 CH3—C—CHs3 
| | 
CH3 CHs 
Camphoronic acid Camphorie acid 
CH, CH CH», 
| 
CH, —C_CH; 
vor 
CH» C————CO 
| 
CHs 
Camphor 


This structural formula for camphor was originally proposed by 
Brept. His view has been confirmed by the synthesis of camphor, 
effected by W. H. Perkin, Jun. and Tuorps, but the details of 
the processes involved are beyond the scope of this work. The 
formula of camphor contains two dissimilar, asymmetric C-atoms, 
represented in italic. 

The position of the carbonyl-group in camphor follows from its 
conversion into carvacrol by the action of iodine: in this compound 
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the hydroxyl-group is in the ortho-position to the methyl-group 
(416). 

Borneol contains a CHOH-group instead of the CO-group present 
in camphor. By replacement of the hydroxyl-group by iodine, it 
yields bornyl iodide, which can be reduced to camphane: 


CH, Ci On. 
CHC CH 
CH, C CH, 
dit, 
Camphane 


According to the formula, the conversion of CO into CHz should 
destroy the asymmetry of both the asymmetric C-atoms of camphor, 
and camphane is, in fact, optically inactive. 

The formula of camphor contains an ¢sopropyl-group, and there- 
fore accounts for the conversion of camphor into cymene by heating 
with phosphorus pentasulphide. 


BENZENE-NUCLEI LINKED TOGETHER DIRECTLY, OR 
INDIRECTLY BY CARBON. 


419. The simplest possible compound of this nature is one con- 
taining two. benzene-nuclei directly linked together. In addition, 
there are compounds with the benzene-nuclei indirectly connected 
by a carbon atom, or by a chain of carbon atoms. A few typical 
examples will be cited. 


Diphenyl, CsH5-CeHs. 


420. Diphenyl can be best prepared by heating iodobenzene with 
finely-divided copper at 220°. Another method for the preparation 
of the derivatives of diphenyl], the conversion of hydrazobenzene into 
benzidine, is mentioned in 324. On removal of the amino-groups 
from benzidine by means of the diazo-reaction, diphenyl remains. 
This method of formation also affords a proof of the constitution 
of benzidine. 

Oxidation converts diphenyl into benzoic acid. This reaction 
and its synthesis prove its constitution. 

Dipheny] forms large, tabular, colourless crystals, readily soluble 
in alcohol and ether. It melts at 71°, and boils at 254°. 

The isomeric substitution-products of diphenyl are much more 
numerous than those of benzene, as the scheme indicates: 


one 


ite 


A monosubstitution-product can exist in three isomeric forms, the 
substituent being in the ortho-position, meta-position, or para-posi- 


tion to the bond between the benzene-nuclei. In a disubstitution- 
507 
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product, both substituents may be linked to the same benzene- 
nucleus, or to different benzene-nuclei, and so on. 

Benzidine is of technical importance, because many of the azo- 
dyes are derived from it. 


Diphenylmethane, CeHs o CH2 0 CeHs. 


421. Diphenylmethane can be obtained from benzyl chloride, 
CgHs-CH.Cl, or from methylene chloride, CH2Clez, by means of 
benzene and aluminium chloride. Its homologues are obtained by 
the action of benzene and concentrated sulphuric acid upon aide- 
hydes. Thus, acetaldehyde yields unsymmetrical diphenylethane: 


CoH 


+H,0. 


When derivatives of benzene are substituted for benzene itself, 
many derivatives of diphenylmethane can be obtained by the 
application of these syntheses. 

Diphenylmethane is crystalline. It melts at 26°, boils at 262°, 
and has an odour resembling that of orange-peel. Oxidation with 
chromic acid converts into benzophenone (336). 


422. A derivative of diphenylmethane, in which the benzene-nuclei 
a AA 
are directly linked, wae ttl It is formed by leading 


the vapour of Pee through a red-hot tube. From 
alcohol it crystallizes in leaflets: the erystals are fluorescent, a cir- 
cumstance which gave this compound its name. It melts at 113°, 
and boils at 295°. It yields red needles with picrie acid. 

The constitution of fluorene is thus established. It is converted 
by the action of oxidizing agents into diphenyleneketone, the formula 


C,H, 
of which, | co, is established by its formation when the cal- 
6444 
CoH,: CO|O 
cium salt of diphenic acid, | | B. 
CeHy-|COO 
acid, for its part, is obtained from m-hydrazobenzoic acid by the 


Ca, is distilled. Diphenic 
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benzidine-transformation (324), and subsequent elimination of the 
amino-groups: 


CO Yrn—nn(Q) = HN, ee SC Ne, 


| | | 
COOH HOOC HOOC COOH 


It follows that the carbonyl-group in diphenyleneketone is linked at 
the ortho-position in both the benzene-nuclei: it has, therefore, the 
structure 


< ><> and fluorene itself Sk] 


We we 


GO CH, 


This view receives confirmation from the fact that phthalic acid is 
the only product obtained by its oxidation. 

The hydrogen ef the CH,-group in fluorene can be replaced by 
potassium, Oxidation of fluorene with lead oxide at 310°-330° 
yields di-diphenylene-ethylene, 


which melts at 188°. It is characterized by its deep-red colour, 
most hydrocarbons being colourless, at least in thin layers (295). 


Triphenylmethane and its Derivatives. 


423. Triphenylmethane, CH(CgHs)3, is formed from benzal chlor- 
ide, CgH5-CHCle, by the action of benzene and aluminium chloride; 
from benzaldehyde and benzene in presence of a dehydrating agent, 
such as zine chloride; and from the interaction of chloroform and 
benzene in presence of aluminium chloride. It crystallizes in beau- 
tiful, colourless prisms melting at 93°. Its boiling-point is 359°. 

A series of important dyes, the rosanilines, is derived from this 
hydrocarbon. Triphenylmethane itself is not employed as a basis 
for their preparation, but simpler substances which are converted 
into its derivatives. The formation of the dye takes place in three 
stages: malachite-green furnishes an example. 
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When benzaldehyde and dimethylaniline are heated with zine 
chloride, tetramethyldiaminotriphenylmethane is forméd: 


H]< 1G. =, /CoHsN (CH) 2 
= H,0+C.H;5-C 


ae Ce O+ << < 
BH] SN(CHs)2 CoHsN (CHs)2 


The carbon atom of the aldehyde group, therefore, furnishes the 
“methane carbon atom ”’ of triphenylmethane. 

This substance is also called leucomalachite-green. It is con- 
verted by oxidation with PbOg, in hydrochloric-acid solution, into 
CeHsClCeHaN (CH) 2]2 

OH 

crystalline substance, like the leuco-compound from which it is 
derived. Being an amino-base, it is capable of yielding salts: thus, 
it dissolves in acids with the formation of colourless salts. When 
such a solution is warmed, water is eliminated, and the deep-green 
dye produced. The dye, either as a double salt with zine chloride, 
or as an oxalate, is known as malachite-green. The elimination of 
water may be represented in several ways; it is usually supposed 
to take place thus: 


the corresponding carbinol, , a colourless, 


CgHN(CHs)9- HCl 
CegH;-C —H,O = 
_| \OsHa-N(CHs)2: [HCl 


jOH| 


fe CeH4N(CH3)2-HCl 
Ske NS Seen 
es ees 


Cl 


Quinonoid form 


This “quinonoid reaction ” is analogous to the formation of quinone 
from quinol, in which the colourless quinol is converted into the 
deep-yellow quinone. 


The conversion into a quinonoid form also explains many other 
instances of the formation of coloured substances; for example, the 
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conversion of the colourless phenolphthalein (369) into its red metal- 
lic derivative. 


BERNTHSEN has proved that this indicator in the colourless 
state is a lactone, 


eee C \ (CoHOH), 
6 aN we 3 
CO 


but that its red salts are derivatives of a carboxylic acid containing 
@ quinonoid-group, 
Jools : O 
CY 
C.H,OH 
CoH, 
COOMe* 
When the phenolphthalein is regenerated from this salt by the action 
of an acid, it changes, like the pseudo-acids (311), into the colour- 
less lactone-form, the transformation in this case being instantaneous 


The distinguishing characteristic of the group :CsH,:O is its 
strongly marked chromophore character. 


424. The three stages necessary to the formation of the dye, 
may, therefore, be defined as follows. 


1. Formation of a leuco-base (colourless), a derivative of 
HC(CgH4NHo)3. 
2. Formation of a colour-base (colourless), a derivative of 
HO-C(CgH4N Ho)3. 
3. Formation of the dye, a derivative of 


(CsH4NH>-HCl)o 
Cone Ge. 


Reduction reconverts the dyes into their leuco-bases, two hydro- 
gen atoms being taken up during the reaction. 


* Me represents one equivalent of a metal. 
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Crystal-violet (hexamethyltriaminotriphenylmethane) furnishes an 
excellent example of a phenomenon also exhibited by other ana- 
logous basic substances. When an equivalent quantity of an alkali 
is added to a salt of crystal-violet, the liquid still remains coloured, 
has a strong alkaline reaction, and conducts an electric current. 
On standing, the solution slowly becomes colourless, when it is no 
longer alkaline, and its electric conductivity has fallen to that of 
the alkali-metal salt present in the liquid. The liquid now contains 
a colour-base. These phenomena are analogous to the conversion of 
acids into pseudo-acids (311). For this reason the colour-base may 
be looked upon as a pseudo-base. Thus, on addition of the equiva- 
lent quantity of NaOH to crystal-violet, the true base, 


(CH3).N *OyHa G=4 ee N (CH3)2 
(CH oN Clg ee OEE 


is at first present in the solution: after standing for several hours at 
25°, however, this true base changes into the colour-base (pseudo- 


base), 
(CH3).N -C,Hy 


< CoHy N(CHs)2. 
(CHs),N-C,H,~ ~ ~OH 


SC 


Hantzscu has been able to identify as pseudo-bases substances 
other than those mentioned. 


425. Pararosaniline is obtained by the oxidation of a mixture 
of p-toluidine (1 molecule) and aniline (2 molecules) by means of 
arsenic acid or nitrobenzene. The methyl-group of toluidine thus 
furnishes the ‘‘ methane carbon atom ”’ of triphenyl methane: 


CHa: NHo /CeHiNHe 
CH,” CeH;- NH» +30 = BOW oa +2H,0. 
CeH;-NHo CgH4N He 


This colour-base dissolves in acids, forming a red dye: it can be 
reprecipitated by alkalis. 1t is transformed by reduction with zinc- 
dust and hydrochloric acid into paraleucaniline, HC(CgHsNH2)s, 
a colourless, crystalline substance which melts at 148°, and is recon- 
verted into the colour-base by oxidation. The constitution of 
paraleucaniline is indicated by the formation of triphenylmethane 
on elimination of its amino-groups by diazotization. On the 
other hand, paraleucaniline can be obtained by the nitration of 
triphenylmethane, and subsequent reduction of the trinitro- 
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derivative thus formed. Paraleucaniline is converted by oxidation 
into triaminotriphenylearbinol, which, like malachite-green, loses 
water under the influence of acids, forming the dye: 


CeH4N He / CoH NH 
(a NED = H,0 == CL CoHaN Ho 
| \CsHiNH2- HCl \CgHa: NHo-Cl. 
OH 


Another important dye related to triphenylmethane isrosaniline. 
Its preparation is similarly effected by oxidizing a mixture of ani- 
line, 0-toluidine, and p-toluidine in equimolecular proportions with 
arsenic acid, mercuric nitrate, or nitrobenzene. In this reaction the 
methane carbon atom is obtained from p-toluidine as follows: 


NH2-CgH4-CH3+CgH4(CHs)NH2+CeHs-NHo + 


p-Toluidine o-Toluidine 
CH 
Cols <ee CoHs<yig 
= 30) = ee eee ras Cx CsHuNT 
CyHaNHe CeHa:NH2-Cl. 
Colour-base Magenta 


The chloride of the rosaniline colour-base, obtained by combi- 
nation with one equivalent of hydrochloric acid and elimination 
of one molecule of water, is called magenta. This substance forms 
beautiful green crystals with a metallic lustre, which dissolve in 
water, yielding a solution of an intense deep-red colour. 

The colour of the magenta solution is due to the univalent 
ecathion, (Co9HgoN3), because such solutions are almost completely 
ionized, as the slight increase of their molecular conductivity on 
further dilution shows. Moreover, the solutions of all the magenta 
salts—chloride, bromide, sulphate, ete.—exhibit the same absorp- 
tion-spectrum for solutions of equimolecular concentration, an in- 
dication of the presence of a constituent common to all of them 
(the cathion). 


The salts containing three equivalents of acid are yellow, the red, 
univalent cathion having been converted into the yellow, tervalent 
cathion: in consequence, magenta dissolved in excess of hydrochloric 
acid yields a nearly colourless solution. These salts are, however, 
yery readily hydrolyzed: the red colour reappears when this solution 
in hydrochloric acid is poured into water. 
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Many derivatives of pararosaniline and rosaniline are known in 
which the hydrogen atoms of the amino-group have been replaced 
by alkyl-radicals. They are all dyes. The violet colour becomes 
deeper as the number of methyl-groups present increases (364°. 
Pentamethylpararosaniline has the trade-name ‘‘methyl-violet.”’ 
When one hydrogen atom in each of the amino-groups of rosaniline 
is replaced by phenyl, a blue dye is formed, called ‘“‘aniline-blue.” 


The alkyl-groups were formerly introduced into pararosaniline 
in the ordinary way, by means of an alkyl chloride or even iodide. 
These methods have since been superseded by others, better suited 
to the preparation of the alkyl-derivatives. For example, methyl- 
violet is obtained by the oxidation of dimethylaniline with potas- 
sium chlorate and cupric chloride, the methane carbon atom being 
obtained from one of the methyl-groups. 

Aniline-blue, or triphenylrosaniline hydrochloride, is got by heat- 
ing rosaniline with aniline and a weak acid, such as benzoic acid, 
whereby the amino-groups in the rosaniline are replaced by anilino- 
groups, the ammonia set free entering into combination with the 
acid. This process is analogous to the formation of diphenylamine 
from aniline hydrochloride and aniline (315). 


426. Dyes formed from hydroxyl-derivatives of tripheny]- 
methane are also known, but are much less valuable than those 
just described, on account of the difficulty of fixing them. Rosolic 
acid, 

CH 
CeH3 <i OH 


CsH,OH 


Ce 
NOHO 


obtained from rosaniline by diazotization, is an example of such 
dyes. 

Malachite-green and the pararosaniline and rosaniline dyes. 
colour wool and silk directly, and calico after it has been mordanted. 


It is stated in 362 that the fixing of dyes upon vegetable or 
animal fibres must be regarded as a chemical combination of the 
compounds contained in the fibre with the dye, analogous to the 
formation of salts. The following is a proof. The colour-base of 
rosaniline is colourless: when, however, wool or silk is immersed 
in its colourless solution, it becomes gradually coloured, as though 
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an acid had been added. This phenomenon can only be explained 
by supposing that a compound in the fibre unites with the colourless 
base, forming with it a salt of the same colour as a solution of the 
dye in water. 


The phthaleins, dyes related to triphenylmethane, have been 
mentioned (369). 

427. GOMBERG hasinvestigated the action of zinc upon a benzene 
solution of triphenylchloromethane: zinc chloride separates, and the 
solution contains a compound which can be precipitated by addi- 
tion of acetone or ethyl formate. This compound he regards as 
triphenylmethyl, (CeHs)3C—, with one free linking. 

If GoMBERG’s view ls correct, this body affords the first example 
of a compound with a tervalent carbon atom. Its power of forming 
addition-products is remarkable. It is at once oxidized by atmos- 
pheric oxygen to a peroxide, (CgHs)3C—O—O—C(Cg6H5)3. It de- 
colourizes iodine-solution instantaneously, forming triphenylmethyl 
iodide. It yields addition-products with many compounds. 
Against the view that it contains a tervalent carbon atom is the 
fact that the molecular weight indicated by the cryoscopic method 
is twice as great as that required by the empirical formula. Al- 
though this result may be due to association of the triphenylmethy] 
molecules, as sometimes happens with unsaturated compounds, the 
possibility of GomBrre’s compound being hexaphenylethane, 
(CgH5)3C-C(CgHs)3, must not be overlooked. The choice lies 
between two very novel explanations: either the compound is tri- 
phenylmethyl, and is the only known body with a tervalent carbon 
atom; or it is hexaphenylethane, which would involve a severance 
of the linking between the ethane-carbon atoms under circum- 
stances such as have never been observed in organic chemistry. 
A satisfactory decision between the two views has not yet been 
attained. Quinonoid formule have also been suggested for tri- 
phenylmethyl; for example, 


(CoHs)sC\_ Va 
aN 
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Dibenzyl and its Derivatives. 


428. Dibenzyl, CeH;-CH2-CHz-CgHs, can be obtained by the 
action of sodium upon benzy! chloride: 


CeHs C CH,|Cl + Nas +Cl|\CH2 -CeHs ia CeHs 2 CHo . CH2 -CeHs +2NaCl. 


This method of formation shows it to be symmetrical diphenyl- 
ethane. It melts at 52°. 


Symmetrical diphenylethylene, CsH;-CH:CH-C.Hs;, M.P. 125°, is 
called stilbene. It can be obtained by various methods: for example, 
by heating an aqueous solution of phenylsodionitromethane, which 
is thereby decomposed into stilbene and sodium nitrite: 


2C,H;-CH :NO-ONa = C,H;:-CH sCH -C,H; +2NaNO,. 


Stilbene forms an addition-product with bromine, from which 
tolan, CsH;-C =C-C,Hs, is produced by elimination of 2HBr. Tolan 
can be reconverted into stilbene by careful reduction. 

p-Diaminostilbene, NH,+Cy>H,-CH:CH-C,H,:NH:, can be ob- 
tained by treatment of p-nitrobenzyl chloride, CIH,C-C,H,-NO,, 
with alcoholic potash, and subsequent reduction of the p-dinitro- 
stilbene thus formed. It is used as a basis for the preparation of 
certain dyes. 


Derivatives of dibenzyl are got by the condensation of benzal- 
dehyde in presence of potassium cyanide. For example, benzoin 
is thus formed: 


H—O 


CeHs-Co as H 


C-CgHs = CeHs-CO-CHOH-CeHs. 
Benzoin 

It has the character of a keto-aleohol, since it takes up two 
hydrogen atoms, with formation of a dihydrie alcohol, hydro- 
benzoin, CeHs-CHOH-CHOH-CeH;5. On oxidation it yields a 
diketone, benzil, CsH;-CO-CO-CgH;. Benzoin contains the group 
—CHOH-CO—, which is present in the sugars (203). It also pos- 
sesses properties characteristic of the sugars: thus, it reduces an 
alkaline copper solution, and yields an osazone. 

Benzil is a yellow, crystalline substance. As a diketone it 
unites with two molecules of hydroxylamine to form a dioxime. 
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429. Benzildiovime exists in three isomeric forms, the number 
indicated by the stereoisomerism of nitrogen derivatives (337): 


oe eee Seat tr Se eee ere 
| 
NOH NOH HON NOH NOH HON 
amphi Benzildioxime antiBenzildioxime synBenzildioxime 


One of these oximes readily yields an anhydride, and is therefore 
assumed to have the two hydroxyl-groups in close proximity, the 
syn-formula. One of the other dioximes is the most stable of the 
three compounds, and can be obtained by various means. The 
third dioxime can be easily transformed into this stable modifica- 
tion. It is probable that the stable dioxime has the symmetrical 
or anti-formula, so that the amphi-formula must be that of the 
unstable modification. 


When heated with alcoholic potash, benzil takes up one mole- 
cule of water, undergoing an intramolecular transformation, with 
production of benzilic acid, a reaction analogous to the formation of 
pinacolin from pinacone (156): 

_ CeHs OH 


5 
, Benzilic acid 


CONDENSED BENZENE-RINGS. 


430. Condensed-ring compounds contain two or more closed 
chains, with C-atoms common to both. Such compounds are pres- 
ent in the higher-boiling fractions of coal-tar (293). Next to the 
phenols, naphthalene is the principal constituent of the second 
fraction, carbolic oil, and of the third fraction, creosote-oil. The 
anthracene-oil contains anthracene and phenanthrene, and other 
hydrocarbons. These three compounds and some of their deriva- 
tives will be described. 


I. NAPHTHALENE, C, Hs. 


431. Naphthalene is present in considerable proportion in coal- 
tar, from which it is readily obtained pure. On cooling, the crude 
crystals of naphthalene precipitate from the fraction distilling 
between 170° and 230°. The liquid impurities are pressed out, and 
are further eliminated by conversion into non-volatile sulphonic 
acids on warming the crude product with small quantities of con- 
centrated sulphuric acid, and distilling with steam or subliming. 
The process yields pure naphthalene. 

Naphthalene crystallizes in shining plates, melting at 80°, and 
boiling at 218°. It is insoluble in water, but readily soluble in hot 
alcohol and ether: it dissolves to a very small extent in cold alcohol. 
It has a characteristic odour, and is very volatile. It is always 
present in coal-gas, the illuminating power of which is to a large 
extent due to its presence. It is extensively emplcyed in the 
manufacture of dyes. 

The formation of naphthalene on passing the vapours of many 
compounds through a red-hot tube, a process somewhat similar to 
that which takes place in the retorts of the gas-works (293), ex- 


plains its occurrence in coal-tar. 
518 
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The constitution of naphthalene is proved in 399 to be 


See 


Ne 


This view is confirmed by two syntheses. 

1. o-Xylylene bromide is converted by treatment with tetraethy} 
disodioethanetetracarboxylate into tetraethyl hydronaphthalenetetra- 
carboxylate: 


/EELBr NaC(COOC,H;), £2 —O(CO0CHs)2 
Cos =P | i Cy ~~ . 
CH,Br NaC(COOC,H;), CH,—C(COOC,H;). 


o-Xylylene bromide 


On saponification, this compound loses two molecules of carbon 
dioxide, forming hydronaphthalenedicarboxylic acid: 


eae —CH *COOH 
CoH . 
CH,—CH -COOH 


The silver salt of this acid readily gives up two molecules of carbon 
dioxide and two atoms of hydrogen, yielding naphthalene. 

2. On heating, phenylvinylacetic acid is converted into a-naphe 
thol, a hydroxy-derivative of naphthalene: 


Hy CH 
HAN CH fan 
| | -HO = | 
EUG AE eae NY 
H OC OH 
Phenylvinylacetic acid i a-Naphthol 


Naphthalene behaves in all respects as an aromatic hydrocarbon. 
With nitric acid it yields a nitro-derivative; with sulphuric acid a 
sulphonic acid: its hydroxyl-derivatives have the phenolic charac- 
ter: the amino-compounds undergo the diazo-reaction: etc. 


For naphthalene, as for benzene (289), no formula indicating its 
internal structure and satisfactorily accounting for its properties has 
been proposed. 
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Formula I. (Fig. 81) is analogous to the centric formula for ben- 
zene: it is difficult to represent its configuration in space. 


I 6b: 
Fia. 81. Fig. 82. Fie. 83. 


Fig. 81.—Crentrric NAPHTHALENE-FORMULA. 
Fig. 82.—THIELE’s NAPHTHALENE-FORMULA. 
Fig. 83.—SiImpLE NAPHTHALENE-FORMULA. 


THIELE has suggested formula II. (Fig. 82), with inactive double 
linkings (289), and of those put forward it seems to give the best 
expression to the properties of naphthalene. The question of what 
formula most accurately represents the internal structure of the 
naphthalene molecule is, however, of no practical importance, for 
the simple scheme III. (Fig. 83), which leaves the problem unsolved, 
fully accounts for the isomerism of the derivatives of naphthalene. 


As with benzene, partial hydrogenation of naphthalene changes 
its characteristic aromatic character; for naphthalene dihydride, 
C,oHi0, adds bromine as readily as compounds with double 
linkings. 

432. Naphthalene yields a much greater number of substitution- 
products than benzene, the number obtained corresponding to 
those theoretically possible for a compound with the formula in 
431. This fact supports the constitution indicated. 

A compound of the formula 


H H 
8 
H; H 
HY H 
5 
H H 


must yield two isomeric monosubstitution-products. Substitution 
can take place at a carbon atom directly linked to one of the two 
C-atoms common to both rings (1, 4, 5, or 8), or at one of the others 
(2, 3, 6, or 7), which are also similar to one another. Two series 
of monosubstitution-products are in fact known: those in which 
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the hydrogen at 1, 4, 5, or 8 has been replaced are called a-deriva- 
tives; when hydrogen is substituted at 2, 3, 6, or 7, the products 
are termed (-derivatives. 

A great number of disubstitution-products is possible: for two 
similar substituents it is 10, and for two dissimilar substituents 14. 
Many of them have been obtained. The ten isomerides are denoted 
by the numbers 


WeDo lcae) Om Orel deals aoe ono sOseo le 


In any other arrangement the grouping is identical with one of 
these: thus, 2:5=1:6, and 3:6=2:7, etc. For three similar sub- 
stituents the number of possible isomerides is much greater, and 
still greater for three dissimilar ones. The disubstitution-products 
with the substituents in the same ring are called ortho, meta, and 
para. When they are in different rings, the compounds are usually 
distinguished by numbers, or sometimes by letters: thus, a com- 
pound 4:5 is also denoted by aa’, and one 3:6 by 86’. The positions 
1:8 and 4:5 are also cailed the peri-positions: in certain respects 
they resemble the ortho-positions. For example, peri-naphthalenedi- 


carboxylic acid, 
Vag 


» =2c00H™ 


resembles o-phthalic acid in its ability to form an anhydride. 

433. On account of the great number of isomerides, the orienta- 
tion of naphthalene derivatives is sometimes difficult, and the 
positions occupied by the substituents in many compounds are still 
uncertain. The same method of orientation is employed as for the 
benzene derivatives, the conversion of compounds with side-chains 
in unknown positions into others with substituents in positions 
that have been determined. 

Oxidation is another important aid in their orientation, and is 
employed to determine whether the substituents are attached to 
the same ring, or to different rings, as well as their position relative 
to one another. Thus, suppose the position of the nitro-groups 
in a dinitronaphthalene has to be determined. If it yields phthalic 
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acid on oxidation, the two nitro-groups must be in union with the 
same ring, that one which has been removed by oxidation. If a 
dinitrophthalic acid is formed, this also proves that the two nitro- 
groups are linked to the same ring, and the orientation of these 
groups in this acid should indicate their relative position in the 
naphthalene derivative. Lastly, if oxidation yields a mononitro- 
phthalic acid, one nitro-group is attached to each ring, and orienta- 
tion of the mononitrophthalic acid obtained will determine the 
position of one of the nitro-groups. 


Substitution-products. 


434. The homologues of naphthalene — methyl]-derivatives, 
ethyl-derivatives, etec-—are unimportant. They can be prepared 
by Firrie’s method, or that of FrrepEL and CraFrts (294, 1 and 2). 


a-Methylnaphthalene is a liquid, and boils at 240°-242°: @-methyl- 
naphthalene is a solid, and melts at 32°. Both are present in coal- 
tar. On oxidation, they yield a-naphthoic acid and 8-naphthoic acid 
respectively, which resemble benzoic acid in their properties. They 
are converted into naphthalene by distillation with lime. 


a-Chloronaphthalene and a-bromonaphthalene are respectively 
formed by the action of chlorine and bromine upon boiling naph- 
thalene. Although their halogen atom is not so firmly linked as 
that in monochlorobenzene or monobromobenzene (298), they are 
not decomposed by boiling with alkalis. A similar stability charac- 
terizes the corresponding $-compounds, which are not obtained by 
the direct action of halogens upon naphthalene, but can be pre- 
pared from other $-compounds, such as amino-derivatives, sulpho- 
derivatives, etc., by the methods described under benzene (341, 4). 

435. The product obtained by the action of concentrated nitric 
acid upon naphthalene is very important for the orientation of the 
naphthalene derivatives. It is a-nitronaphthalene, M.P. 61°, which 
is proved to belong to the a-series by its conversion into the same 
naphthol as is obtained from phenylisocrotonic acid (431). 

The position of the substituents in a great number of mono- 
substitution-products can be determined from a knowledge of that 
of the nitro-group in this nitronaphthalene, for the nitro-group 


4 
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can be reduced to an amino-group, which is replaceable by numer- 
ous atoms or groups by means of the diazo-reaction. If a mono- 
substituted naphthalene is known to be an a-compound, its isomer- 
ide must belong to the -series. 

a-Nitronaphthalene is a yellow, crystalline compound, and 
melts at 61°. The corresponding $-compound is similar, and melts 
at 79°. 

436. On heating naphthalene with concentrated sulphuric acid 
at a temperature not exceeding 80°, a-naphthalenemonosulphonic 
acid is chiefly formed: at 160° the G-acid is the principal product, 
owing to the conversion of the a-compound into its G-isomeride. 
Both are crystalline and very hygroscopic. 

On fusion with caustic potash, the naphthalenesulphonic acids 
are converted into naphthols, CjpH7-OH, with properties very simi- 
lar to those of phenol. They are present in coal-tar. a-Naphthol 
melts at 95°, and boils at 282°: f-naphthol melts at 122°, and boils 
at 288°. The hydroxyl-group in these compounds can be replaced 
much more readily than that in phenol. They dissolve in alkalis. 
With ferric chloride a-naphthol yields a flocculent, violet precipi- 
tate: (-naphthol gives a green coloration, and a precipitate of 
G-dinaphthol, HO-CyoH¢-CyoHe-OH. The violet precipitate ob- 
tained with a-naphthol is possibly an iron derivative of 
a-dinaphthol. 

437. a-Naphthylamine and f-naphthylamine, C\oH7-NHe, can 
be obtained by the reduction of the corresponding nitro-derivatives, 
but are usually prepared by heating a-naphthol and (-naphthol 
respectively with the ammonia compound of zine chloride or of 
calcium chloride. a-Naphthylamine is a solid and is also 
formed by heating naphthalene with sodamide, NH2Na, 
above 200°, hydrogen being evolved. It melts at 50°, and 
has a fecal-like odour: #$-naphthylamine melts at 112°, and is 
nearly odourless. A mode of distinguishing between the isomerides 
is afforded by the fact that the salts of the a-compound, but not 
the $-compound, give a blue precipitate with ferric chloride and 
other oxidizing agents. 


These bases are of technical importance, since the dyes of the 
congo-group and the benzopurpurins are derived from them, and pos- 
sess the important property of dyeing unmordanted cotton. 

Congo-red is formed by diazotizing benzidine, and treating the 
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product with a sulphonic acid of naphthylamine. The dye is the 
sodium salt of the acid thus formed: 


H,N -C,H,—C,H,: NH, > Cl-N,-CgH,—Co Hy -N,Cl +2C,,Hy < ed aa 
Benzidine Beazidinediazonium chloride Naphthylaminesul- 
phonie acid 
. 
+ NaOs8 , (gHy-N:N-CyHy-GH-N:N-O,gHs <S0N*. 
Congo-red 


The acid itself is blue. 

The benzopurpurins differ from congo-red only in having a 
methyl-group attached to each benzene-nucleus of the benzidine- 
group. 

438. Among the polysubstituted naphthalene derivatives is 
dinitro-a-naphthol, obtained by the action of nitric acid upon the 
monosulphonic or disulphonic acid of a-naphthol. Its sodium salt 
is Martius’s yellow: it dyes wool and silk directly a golden-yellow. 
Nitration of a-naphtholtrisulphonic acid yields dinitronaphthol- 
sulphonic acid, the potassium salt of which is naphthol-yellow: it 
resists the action of light better than Martius’s yellow. 

Naphthionic acid is one of the longest-known naphthalene 
derivatives. It is 1:4-naphthylaminesulphonic acid, 


SO;H 
oo 
Kee 
NH, 


and results from the interaction of a-naphthylamine and sulphuric 

acid. It is crystalline, and only slightly soluble in water. It is 

manufactured for the preparation of congo-red and other dyes. 

Solutions of its salts display an intense reddish-blue fluorescence. 
439. Three quinones of naphthalene are known: 


O O 

a? (So ROO; 

A) AS O\ AY 0 
O 


Qa B amphi Raced ye 
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a-Naphthaquinone, CioHgO2, is formed by the oxidation of 
many a-derivatives, and of some di-derivatives, of naphthalene. 
It is usually prepared from naphthalene itself by oxidation with 
a boiling solution of chromic acid in glacial acetic acid, a method 
of formation which has no parallel among those for the prepara- 
tion of the corresponding benzene derivatives. It crystallizes 
from alcohol in deep-yellow needles, melting at 125°. On oxi- 
dation, it yields phthalic acid, proving both oxygen atoms 
to be attached to the same ring. With hydroxylamine it yields 
an oxime. Knowing the structure of a-naphthaquinone, it is 
possible to determine that of other di-derivatives. If, on oxida- 
tion, they yield this quinone by elimination of the substituents, 
they must be 1:4-derivatives. 

B-Naphthaquinone, CyoHgOz, is formed by oxidation of 1:2- 
aminonaphthol. 

amphi-Naphthaquinone, or 2:6-naphthaquinone, is obtained by 
oxidation of a benzene-solution of the corresponding dihydroxy- 
naphthalene with lead peroxide. 

The structural formule indicate that only in the amphi- 
isomeride is the arrangement: of the CO-groups relative to the 
double bonds similar to that in benzoquinone; and these two 
quinones are very similar in chemical character. Both oxidize 
at once a cold, dilute solution of hydriodie acid, turn ferrous 
ferrocyanide blue, and oxidize sulphurous acid. a-Naphtha- 
quinone exhibits none of these characteristics, but resembles 
benzoquinone in odour and volatility. @-Naphthaquinone does 
not oxidize dilute hydriodic acid, but turns ferrous ferrocyanide 
blue, and oxidizes sulphurous acid. Like the amphi-derivative 
it is non-volatile, and therefore odourless. Each of the naphtha- 
quinones has a red colour. 


Addition-products. 


440. Naphthalene and its derivatives yield addition-products 
somewhat more readily than the benzene derivatives. 


All the intermediate hydrogenation-products of naphthalene from 
dihydronaphthalene, CyoHyo, to dodecahydronaphthalene, C,yHy, are 
known, each member having two hydrogen atoms more than its 
immediate predecessor. The first-named is obtained by the action of 


or 
bo 
(or) 
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sodium and alcohol upon naphthalene. Oxidation converts it into 
o-phenylenediacetic acid: 


eihep als! leh labs 


HA\/\H HZ \/\H__ (\\CH-COOH 


| | | | a | | | | = | | 2 
HY A pH BY AH \_/ CH: COOH 
el oa iseise 
Naphthalene Dibydnde o-Phenylenediacetic acid 


Assuming that the formula given represents naphthalene, the hydro- 
gen is added to the conjugated double linking at the positions 1:4. 


When reduced with sodium and boiling amyl alcohol, $-naph- 
thylamine yields a tetrahydride, CjpH,;NH2, a compound with 
most of the properties characteristic of the aliphatic amines: it is 
strongly alkaline, absorbs carbon dioxide from the air, has an 
ammoniacal odour, and cannot be diazotized. All four hydrogen 
atoms are in union with the same ring as the amino-group, 


since, on oxidation with potassum permanganate, the compound is 
converted into the o-carboxylic acid of dihydrocinnamie acid, 


C.Hi< SOa ieee 


which must evidently result from a tetrahydride with the above 
structure if the oxidation takes place at the C-atom linked to the 
NHo-group. Moreover, the hydrogen addition-product does not 
take up bromine, another proof that the four H-atoms are attached 
to the same benzene-nucleus. The entrance of two hydrogen atoms 
into each ring would produce a compound with double bonds, 
capable of yielding an addition-product with bromine. 

The reduction-product may, therefore, be regarded as benzene 
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with a saturated side-chain, —CH2-CH2-CH(NH2)-CH.—, linked 
to two ortho-C-atoms. 

a-Naphthylamine can also be reduced by amyl alcohol and 
sodium, but the tetrahydride formed is different in character from 
that obtained from f-naphthylamine, for it possesses all the proper- 
ties characteristic of the aromatic amines: it can be diazotized, 
and has no ammoniacal odour. Since, like $-naphthylamine, it 
forms no addition-product with bromine, its constitution is 


1 Ae 
H, H 
> 


/ 
i, ¢ iNB, 


which proves that the four hydrogen atoms in it likewise are in 
union with the same nucleus, but not the one linked to the amino- 
group. In support of this view are its completely aromatic 
character, and the fact that, on oxidation with potassium per- 
manganate, the ring containing the amino-group is removed, with 
formation of adipic acid (164), 


CHe 
Ze 
CH, COOH 
| e 
CH, COOH 
Se 

CH 


a-Naphthylamine tetrahydride must, therefore, be looked upon as 
aniline containing a saturated side-chain, —CH2-CH2-CH2-CH2—, 
linked to two ortho-C-atoms. 


II. ANTHRACENE, (,,Hyo. 


441. Anthracene is present only in small proportions in coal- 
tar, varying between 0-25 and 0-45 per cent.; nevertheless, it is 
the basis of the manufacture of the important dyestuff, alizarin 
(444 and 445). 
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The so-called ‘‘50 per cent. anthracene,” obtained by distilling 
anthracene-oil (293), is distilled with one-third of its weight of 
potassium carbonate from an iron retort. Certain impurities are 


CsH 
thereby removed, among them carbazole, Rites! which is 
6tl4 


present in considerable proportion in the crude anthracene, and 
ig thus converted into a non-volatile potassium derivative, 
(CeH4)2N-K. The distillate consists almost entirely of anthracene 
and phenanthrene: it is tceated with carbon disulphide, which 
dissolves out the phenanthrene. By crystallization from benzene, 
the anthracene is obtained pure. 

It crystallizes in colourless, sistenine leaflets, with a fine blue 
fluorescence. It melts at 213°, and boils at 351°. It dissolves 
readily in boiling benzene, but with diffieulty in alcohol and ether. 
With picric acid it yields a compound C,4Hjo-CgH2(NO2)30H, 
melting at 138°. 


On exposure to light, anthracene is transformed into dianthracene, 
which in the dark becomes depolymerized to anthracene, one of the 
rare instances of a reversible photochemical reaction: 


Light 
2C Hip — CH. 
Dark 


Several modes of preparing anthracene are known which give 
an insight into its constitution. One of these is its synthesis by 
AnscHtrz’s method from benzene, aluminium chloride, and tetra- 
bromoethane: 


BrCHBr DES 
CegHe + | +CgH, = = C ere CeH +4HBr. 
BrCHBr ‘ Ne nee : 


This synthesis proves that anthracene contains two benzene- 
nuclei united by the group C2Hs, linked to two ortho-C-atoms of 
each, as proved for anthraquinone in 442. Its constitutional 
formula is 
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(i DN 


oA 


Anthracene 


It follows that it must yield a very large number of isomeric 
substitution-products.. Three monosubstitution-products are 
possible. Numbering the carbon atoms as in the formula, 
then 1=4=5=8, 2=3=6=7, and 9=10. Fifteen disubstitution- 
products with similar groups are possible. A very considerable 
number of anthracene derivatives is known, although it is small 
in comparison with the enormous number theoretically possible. 

The orientation of the anthracene derivatives is effected simi- 
larly to those of naphthalene (433), oxidation and a study of the 
resulting products being an important aid. 


Substitution-products. 


442. Anthraquinone, Cy4HgOzg, is one of the most important 
derivatives of anthracene, from which it is obtained by oxidation 
with such agents as nitric acid and chromic acid. Anthracene is so 
readily converted into anthraquinone by nitric acid that it is not 


possible to nitrate it. 
Anthraquinone is proved to have the structure 


CO 
leash 
Co® 
co 


since it is formed by the interaction of phthalic anhydride and 
benzene in presence of a dehydrating agent such as aluminium 
chloride: 


CeHa< me >|O+HeiCgHy = CeHa< ee >CeH4+H20. 


Phthalic anhydride 


The reaction takes place in two stages: o-benzoylbenzoic acid, 
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CO-CeH 
CoHs<CooH ” 
water, forming anthraquinone: 


is first formed, and then loses one molecule of 


co 
feo NON i Feeone 0) — Ghipeoe Cue 
\cooH 


The constitutional formula of anthraquinone indicates that only 
two isomeric monosubstitution-products are possible. This has 
been verified by experiment—a further proof that the formula is 
correct. 

443. Anthraquinone crystallizes from glacial acetic acid in 
light-yellow needles, melting at 277°. At higher temperatures it 
sublimes very readily, forming long, sulphur-yellow prisms. It is 
very stable, and is not easily attacked by oxidizing agents, or by 
concentrated nitric acid or sulphuric acid. 

The name anthraquinone is in some measure incorrect, for this 
substance lacks some of the properties characteristic of quinones, 
such as being easily reduced, great volatility, pungent odour, etc., 
and has much more the character of a diketone. With fused 
caustic potash it yields benzoic acid, and with hydroxylamine an 
oxime. On warming with zinc-dust. and caustic-soda solution, it 
forms oxanthranol, 


which in alkaline solution is converted into anthraquinone by 
atmospheric oxidation. Oxanthranol dissolves in alkalis, pee 
a solution of a deep blood-red colour. 


This property of oxanthranol makes its formation a delicate test. 
for anthraquinone. It is effected by warming the substance to be 
tested with zinc-dust and caustic-soda solution: if anthraquinone is 
present, a blood-red coloration is developed, and is destroyed by 
agitating the mixture with air. 


On reduction with tin and hydrochloric acid, anthraquinone is 
converted into anthranol, 
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(OH) 
Colla | CoH 
H 


a substance of weak phenolic character, slightly soluble in cold 
and readily in boiling alkalis. Its formation is to be regarded as: 
resulting from the elimination of water from an intermediate 
product, a dihydric alcohol: 

C|HjOH 
cHOH) 


Anthraquinone Anthranol 


at, (OH) 
CoHa< ag >CeHs > CeHa< >CeHy > CoHaX | >CeHa. 
\CH 


When anthraquinone is more strongly reduced, by heating with 
zinc-dust, it yields anthracene. 

444. Alizarin, or dihydroxyanthraquinone, C,4Hg02(OH),, is 
the most important derivative of anthraquinone, andis a dye of 
a splendid red colour. It was formerly manufactured from mad- 
der-root, which contains a glucoside, ruberythric acid, CogHog014. 
When boiled with dilute sulphuric acid or hydrochloric acid, this 
glucoside yields dextrose and alizarin: 


CogHegO14 + 2H2O = 2C6H1 206 + Ci4H602(OH)o. 


Ruberythric acid Dextrose Alizarin. 


The dye is now prepared almost wholly by a synthetical method. 
It is one of the organic dyestuffs known in antiquity. 

In preparing alizarin, the anthracene is first oxidized to anthra- 
quinone with sodium dichromate and sulphuric acid. Heating with 
concentrated sulphuric acid at 100° converts various impurities 
into sulphonic acids, the anthraquinone remaining unchanged: 
on dilution, these sulphonic acids dissolve, so that pure anthra- 
quinone is left after filtering. This is then heated to 160° with 
fuming sulphuric acid containing 50 per cent. of sulphur trioxide, 
the main product being the monosulphonie acid. Its sodium salt 
is only slightly soluble in water, and separates out when the acid 
is neutralized with sodium carbonate. On fusing with sodium 
hydroxide, the sulpho-group is replaced by hydroxyl. A second 
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hydroxyl-group is simultaneously formed, its production being con- 
siderably facilitated by the addition to the reaction-mixture of 
potassium chlorate as an oxidizing agent: 


CoH < C9 > CcHs-803Na+3Na0H +0 = 


Sodium anthraquinone- 
monosulphonate 


= OpHs< Go > CoH2(ONa)2 +2H20 +Naz80z, 


The dye is liberated from the sodium salt by addition of an acid. 

Anthraquinone can be directly oxidized to alizarin by heating 
it with very concentrated aqueous alkali in presence of certain 
oxidizers, such as inercuric oxide, potassium chlorate, and so on. 

Alizarin crystallizes in red prisms, and sublimes in orange 
needles, melting at 289°-290°. It is almost insoluble in water, and 
slightly soluble in alcohol. On account of its phenolic character, 
it dissolves in alkalis. It yields a diacetate. On distillation with 
zinc-dust, it is converted into anthracene, a reaction which gave 
the first insight into the constitution of alizarin. 

The value of alizarin as a dye depends upon its power of forming 
with metallic oxides fine-coloured, insoluble compounds, called 
lakes. When a fabric is mordanted with one of these oxides, it 
can be dyed with alizarin, the colour depending on the oxide used. 
The ferric-oxide compound of alizarin is violet-black, the chromium- 
oxide compound claret-colour, the calcium-oxide compound blue, 
the aluminium-oxide and tin-oxide compounds various shades of 
red (Turkey-red), and so on. 

445. The method by which alizarin is prepared proves it to be a 
derivative of anthraquinone, but the positions of the hydroxyl- 
groups have still to be determined. The formation of alizarin when 
phthalic anhydride is heated at 150° with catechol and sulphuric 
acid proves that both are in the same benzene-nucleus; and, since 
the hydroxyl-groups in catechol occupy the o-position, the same 
must be true of alizarin: 


CeH4< oe >O0+CgHy< Oa : = Gam, >CeHe< ne 5 +H,0. 


Phthalic anhydride Catechol Alizarin 
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It follows that the choice lies between the two structural formule 


O OH O 
se as \ OH COo# 

e ) and II. | | tues: 
SUAS. ace 


The result of nitration proves that formula I. is correct. Two 
isomeric mononitro-derivatives are obtained, each with the nitro- 
group in the same nucleus as the hydroxyl-groups, since both can 
be oxidized to phthalic acid. Formula I. alone admits of the for- 
mation of two such mononitro-derivatives, and must therefore be 
correct. 


Other hydroxyl-derivatives of anthraquinone are also dyes, but 
only when two hydroxyl-groups are in the o-position to one another. 
Derivatives of anthraquinone containing hydroxyl-groups and 
amino-groups, or only amino-groups, are also valuable dyes. 


III. PHENANTHRENE, C,,H jo. 


446. Phenanthrene is isomeric with anthracene, and is present 
with it in ‘‘anthracene-oil.” They are separated by the method 
already described (441). It crystallizes in colourless, lustrous 
plates, which dissolve in alcohol more readily than anthracene, 
yielding a blue fluorescent solution. It melts at 96°, and boils at 
340°. 

On oxidation with chromic acid, it yields first phenanthra- 
quinone, and then diphenic acid (422), 


eae 
HOO¢ COOH 


This reaction proves that phenanthrene possesses two benzene- 
nuclei directly linked to one another, and is therefore a diphenyl- 
derivative, and also a di-ortho-compound. Diphenyl with two 
hydrogen atoms substituted, —CgH4-CgH4—, or — C)2Hs—, differs 
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from phenanthrene by C2H». This must link together two o-posi- 
tions, so that phenanthrene has the constitution 


CH=CH Peis 
re a 3), 
Se Sas. 
Phenanthrene 


* 


This structure finds support in the conversion of stilbene into 
phenanthrene, on passing its vapour through a red-hot tube, a 
method of formation analogous to that of diphenyl from benzene 


(420): 


CH—C.H; CH—C.H4 
| = Ho )aa el hoe 
CH—C,H; CH—C,H,4 

Stilbene Phenanthrene 


In the formula of phenanthrene the group —-CH=CH— 
and the four carbon atoms of diphenyl yield a third ring of six 
carbon atoms. This ring is distinguished from a true benzene- 
ring by the facts that the C.H2-group readily takes up bromine, 
and that on oxidation it behaves as an ordinary side-chain. 

CgsHs—CO i 
Phenanthraquinone, | | ,is an orange, crystalline sub- 
CgH4—CO 
stance, melting at 200°, and boiling without decomposition above 
360°. Its diketonic character follows from its yielding di-deriva- 
tives with sodium hydrogen sulphite and with hydroxylamine. It 
is odourless, and non-volatile with steam. 

447. PscHorr has discovered an important synthesis of 
phenanthrene and its derivatives, the condensation of o-nitro- 
benzaldehyde with phenylacetic acid by the PrRxKin reaction 


(348): 


CoHK CoH HOLGHC  ? _CgHt 
‘ 65 = 20+CgH4 65 
CO Tree \cH:0¢ 
\cooH OOH 
o-Nitro- Phenylacetic acid a-Phenyl-o-nitrocinnamic acid 


benzaldehyde 
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On diazotization of the corresponding amino-acid obtained by 
reduction, and treatment in sulphuric-acid solution with copper- 
dust (341), nitrogen and water are eliminated, and an almost 
quantitative yield of $-phenanthrenecarborylic acid obtained: 


CH 
a a \Ac -COOH Ee A \ cH 
(YO ZN0-c00n > \ A tes 
\/ B08 5 | 
AAS ~ SS 
Hi) | 
Diazo-derivative of a-phenyl- Phenanthrene- Phenanthrene 
o-aminocinnamic acid carboxylic acid 


On distillation, this acid loses carbon dioxide, forming phenan- 
threne. 

When the methyl ether of o-nitrovanillin is substituted for 
o-nitrobenzaldehyde, there results a dimethoxyphenanthrene, 
dimethylmorphol, also formed by the breaking down of morphine 
(478): 


CH 
CHO CUEING. 
@ 4 Hx0-COOH eee EEC. 
CHO. /NO» | Be SO ee 
OCH; ox CUS ae 


(y AWA 


Methy] ether of 
o-nitrovanillin CH 


( Y Sex 
GEE AG 
OCHE | 

Sy 


Dimethylmorphol 


HETEROCYCLIC COMPOUNDS. 


448. The compounds hitherto considered all contain a ring of 
carbon atoms only, and can be classed together as homocyclic com- 
pounds. It is mentioned in 281, that ring-systems are also known 
possessing not only carbon atoms but also those of other elements. 
Substances with such rings are classed together as heterocyclic 
compounds. A few of them and their derivatives will be considered. 


I. PYRIDINE, C;H,N. 


449. Pyridine and some of its homologues are constituents of 
coal-tar. On mixing the ‘light oil ” (293) with sulphuric acid, they 
are absorbed by the latter, and separate on addition of sodium car- 
bonate in the form of a dark-brown, basic oil, from which pyridine 
and its homologues are obtained by fractional distillation. Pre- 
pared by this method, pyridine is never quite pure, always con- 
taining small proportions of its homologues. 

Another source of pyridine is ‘‘Dippel’s oil,’”’ a liquid of ex- 
tremely disagreeable odour, obtained by the dry distillation of 
bones which have not been deprived of their fat. It is a very 
complicated substance, containing, in addition to the pyridine 
bases and quinoline, many other substances, such as nitriles, amines, 
and hydrocarbons. 

Pyridine is 2 colourless liquid boiling at 115°, and with a specific 
gravity of 1-0033 at 0°. It is miscible with water in all propor- 
tions, and has a weak alkaline reaction, colouring aqueous solutions 
of litmus only purple. It has a very characteristic odour, reminis- 
cent of tobacco-smoke. It is very stable, being unattacked by 
boiling nitric acid or chromic acid. It reacts with sulphuric acid 
only at high temperatures, yielding a sulphonic acid. The halogens 
have very slight action on it. On very energetic reduction with 


hydriodic acid at 300°, it yields normal pentane and ammonia. 
536 
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~~ Being a base, it forms salts with acids, mostly readily soluble 
in water. 


Pyridine ferrocyanide dissolves with difficulty, and is employed 
in the purification of the base. With platinum chloride, the hydro- 
chloride yields a double salt, (C;H;N).H»,PtCl,, freely soluble in 
water. When the solution is boiled, two molecules of hydrochloric 
acid are eliminated, with production of a yellow compound, 
(C;H5N)2PtCl,, which is only slightly soluble in water: the reaction 
affords a delicate test for pyridine. 

The following test is also very delicate. On warming the base 
with methyl iodide, an energetic reaction takes place, with forma- 
tion of an addition-product, C;sH;N-CH3I. When warmed with solid 
potash, this compound gives off a very pungent and disagreeable 
odour. 


450. Many methods for the synthesis of pyridine and its homo- 
logues are known, although but few of them afford insight into its 
constitution. Among them is the formation of pyridine from 
quinoline (463) and pentamethylenediamine (162). When penta- 
methylenediamine hydrochloride is submitted to dry distillation, 
piperidine, or hexahydropyridine, is produced, and can be oxidized 
to pyridine by heating with sulphuric acid: 


H 
CH2-CH2-NH|H- HCl CH2—CHy2 C-CH 
CHC er idieee: CHC NH HCY >N. 
CH2-CH2-|NHe CH.—CHy2 C-CH 
Pentamethylenediamine Piperidine H 
hydrochloride Pyridine 


Another method of preparing pyridine, which is carried out at 
low temperatures and, therefore, affords even more trustworthy 
evidence of its constitution, is from ¢«-chloroamylamine. When an 
aqueous solution of this substance is heated on a water-bath for 
some time, it is transformed into the hydrochloride of piperidine: 


CH2—CH.—Cl CH2—CH, ; 
CH2< CH. CHe Ni CHe< Cheon NH-HCl. 


e-Chloroam ylamine 
e-Chloroamylamine was thus obtained by GasrieL. 7-Chloro- 
propylphenyl ether, obtained from a-chloro-a’-bromopropane and 
sodium phenoxide, reacts thus with diethyl! monosodiomalonate : 


C,;H;0-CH,-CH,-CH,Cl + NaCH (COOC,H;), = 
= C,H,0-CH,+-CH,-CH,:CH(COOC,H;)». 
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On saponification of this ester, and subsequent heating of the acid 
obtained, one molecule of carbon dioxide is eliminated, with forma- 
tion of 0-phenoxyvaleric acid, C;H;0-(CH,),;COOH. When this 
acid is heated with lead thiocyanate, it is converted into the corre- 
spending nitrile, C,H,O+(CH,),-CN, which is reduced by sodium and 
alcohol to «-phenoxyamylamine, C;H;O-(CH,);-NH,. On heating 
with hydrochloric acid, the Renee Veer oes in this amine is replaced 
by chlorine. 

The converse of these syntheses is the decomposition of piperi- 
dine, discovered by von Braun. On treatment of benzoylprperidine, 
C;H,)>N-COC,H;, with phosphorus pentabromide, PBr;, the oxygen 
is replaced by two bromine atoms. Distillation converts this 
dibromo-derivative into pentamethylene dibromide and benzonitrile: 


eae -CH 2\ ee -CH,: Br 
N-CBr,° C,H, = CH, +NC-C.Hs. 
ee Hy ~ : 
CH De -CH CH,: CH,:Br 
A practical method is thus afforded of preparing pentamethylene 
dibromide, a substance of importance in various syntheses. 


451. Since pyridine is reduced to piperidine by sodium and alco- 
hol, and piperidine can be oxidized to pyridine, it may be assumed 
that pyridine has the same closed chain as piperidine; that is, one of 
five C-atoms and one N-atom. Moreover, it can be proved that 
the N-atom in pyridine is not linked to hydrogen; for, while piperi- 
dine possesses the character of a secondary amine, yielding a nitroso- 
derivative, for example, pyridine has that of a tertiary amine; thus, 
it yields an addition-product with methyl iodide (449), and the 
iodine atom in this substance, like that in other ammonium iodides, 
ean be exchanged for hydroxyl by means of moist silver oxide. 

The number of isomeric substitution-products, like that of ben- 
zene (288), indicates that each carbon atom is in union with one 
hydrogen atom. A substance of the formula 


N 
A. y 
or 
k 3 ty B 


should yield three monosubstitution-products, 2(a@)=6(a’), 
3(8)=5(8@’), and 4(7). Moreover, for similar substituents, six 
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disubstitution-products are possible: 2:3=6:5; 3:4= 5:4; 
2:4=6:4; 2:6, 3:5, and 2:5=6:3. This view agrees with the 
results of experiment. The mode of linking of three out of the 
four valencies of each carbon atom is thus established, and that of 
two of the three nitrogen valencies: it remains only to determine 
how the fourth valency of each carbon atom and the third valency 
of the nitrogen atom are distributed in the molecule. 

The marked analogy between benzene and pyridine leads to the 
assumption of analogous formule for both (289). The great stabil- 
ity of pyridine towards energetic chemical reagents proves that it 
does not possess double linkings. Only the side-chains of both 
compounds are attacked by oxidizing agents: with sulphuric acid, 
both yield sulphonic acids, which are converted by fusion with 
caustic potash into hydroxyl-derivatives, and by heating with 
potassium cyanide into cyanides. The hydroxyl-derivatives of 
pyridine have a phenolic character: they yield characteristic color- 
ations with ferric chloride. Pyridine must, therefore, be regarded 
as benzene with one of its CH-groups replaced by a N-atom. 


Notwithstanding these analogies, there are great differences in 
the behaviour of benzene and pyridine, one being that pyridine does 
not admit of nitration. 


The principle of the orientation of pyridine is the same as that 
of benzene—conversion of a compound of unknown structure into 
one with its side-chains in known positions. The monocarboxylic 
acids and dicarboxylic acids have served as the main basis for its 
orientation. The method of ascertaining the positions occupied by 
the carboxy]l-groups in these compounds is described in 455. 


Homologues of Pyridine. 


452. The homologues of pyridine are the methylpyridines or 
picolunes, dimethylpyridines or lutidines, and trimethylpyridines or 
collidines. Many of them can be obtained by more or less complex 
methods: thus, $-picoline is formed by the distillation of acrolein- 
ammonia (147), and collidine by the distillation of crotonaldehyde- 
ammonia. The formation of pyridine and its homologues by the 
dry distillation of bones depends upon these reactions: under the 
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influence of heat, the fat present yields acrolein, which reacts with 
the ammonia resulting from the heating of the proteins, forming 
pyridine bases. 
Hanrzscu has discovered an important synthesis of pyridine 
derivatives—the condensation of one molecule of aldehyde-ammonia. 
with two molecules of ethyl acetoacetate: 


CH; 


OCH 
C,H;O © OC Y ne eas = CO - OC,H; 
CH; : CO CO v CH, 
HNH, 
CH3 
CH 
C,H;00C H C C © COOC,H; 
= | | + 3H,0. 
CH;C C y CH; 
NIN 


Diethyl dihydrocollidinedicarboxylate 


On oxidation with nitrous acid, this substance loses two H-atoms, 
one from the CH-group and one from the NH-group, with forma- 
tion of ethyl collidinedicarboxylate. On saponification with caustic 
potash, and subsequent heating of the potassium salt with quick- 
lime, the carboxyl-groups are eliminated, and collidine, 


CH; 
Se 
cH, Jcu, 
N 
distils. 


In this synthesis acetaldehyde may be replaced by other alde- 
hydes, and ethyl acetoacetate by the esters of other 6-ketonic acids,. 
so that it affords a method of preparing numerous pyridine deriva- 
tives. 


453. Some of tne homologues of pyridine can be obtained from 
it by the action of an alkyl iodide, an addition-product being 
formed. On heating this compound to 300°, the alkyl-group be- 
comes detached from the nitrogen atom and linked to a carbon 
atom, a reaction analogous to the formation of p-toluidine by 
heating methyl aniline hydrochloride to a high temperature (316). 
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a-Allylpyridine is of theoretical importance. LapENBURG ob- 
tained it by the condensation of a-picoline with acetaldehyde: 


NC5H4-CH3+ OCH -CH3 = NC;sH,-CH:CH-CH3+H.0. 


a-Picoline Acetaldehyde a-Allylpyridine 


By its aid he effected the first synthesis of a natural alkaloid, that 
of coniine, CgsHy7N (473). a-Allylpyridine was reduced with sodium 
and boiling alcohol, yielding a-propylpiperidine, 


He 

Eo NES 

Ha\_)H-CH-CH,-CHy 
NH 


optically inactive, like all synthetical substances prepared from 
inactive material. This substance was resolved into a dextro- 
rotatory and a levo-rotatory modification by fractional crystal- 
lization of its tartrate, the dextro-rotatory isomeride being 
named isocontine because heating at 300° transforms it into an 
isomeride identical with natural coniine. LapENBURG attributes 
the difference between coniine and isoconiine to asymmetry of 
the nitrogen atom. 

The constitutional formula of a-propylpiperidine indicates that 
the carbon atom in union with the propyl-group is asymmetric. 
y-Propylpiperidine does not contain an asymmetric carbon atom, 
and should therefore be optically inactive. The side-chain cannot 
be at the $-position, for coniine yields ammonia and normal 
octane when strongly heated with hydriodic acid. Thus treated, a 
G-propylpiperidine or y-propylpiperidine must yield an octane with 
a branched carbon-chain, which proves that coniine is an a-com- 


pound. 


454. Piperidine is present in pepper in combination as piperine, 
C,;H,,03N. On boiling with alkalis, it yelds piperic acid, C,H; 0, 
and piperidine, by addition of one molecule of water. Piperine 
must, therefore, be a substituted amide of piperic acid, containing the 
piperidine-residue, C;H;)N—, instead of the NH,-group: 


CsHioN—C,2.H,03. 


Piperidine is a colourless liquid, boiling at 106°, with a charac- 
teristic pepper-like odour and strongly-marked basic properties (162). 
It is best obtained by the electro-reduction of pyridine. 
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Pyridinecarboxylic Acids. 


455. Three pyridinemonocarboxylic acids are known: 


N N N 
(Seo Seam oot CY 
Z , JcOOH? = 
eo WY Yess 
COOH 
Picolinic acid (a) Nicotinic acid (7) isoNicotinic acid (7) 


The orientation of the carboxyl-groups in these acids can be carried 
out as follows. It is stated in 453 that the side-chain in coniine 
occupies the a-position. On oxidation, this substance yields pico- 
linic acid, by conversion of the propyl-group into a carboxyl-group, 
and elimination of the six added hydrogen atoms. Picolinic acid 
is therefore the a-carboxylic acid. 

Nicotinic acid is proved to have the £-constitution thus. Quino- 
line (463) has the formula 


It is naphthalene with one of the a-CH-groups replaced by N. On 
oxidation, quinoline yields a pyridinedicarboxylic acid, quinolinie 
acid, which must therefore have the structure 


N 
\\cooH 
s\COOH 


On heating this acid, one molecule of carbon dioxide is eliminated, 
with formation of nicotinic acid. Since the carboxyl-group in 
picolinic acid has been proved to occupy the a-position, nicotinic 
acid must be the #-acid. There remains only the 7-structure for 
vsonicotinic acid. 

The pyridinemonocarboxylic acids are formed by the oxidation 
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of the homologues of pyridine containing a side-chain. Nicotinic 
acid derives its name from its formation by the oxidation of nico- 
tine. The monocarboxylic acids are crystalline, and possess both 
a basic and an acidic character. As bases, they yield salts with. 
acids, and double salts with platinum chloride and mercuric chloride,. 
etc. As acids, they form salts with bases, the copper salts being: 
often employed in their separation. 

Picolinic acid can be distinguished from its isomerides by two: 
properties: on heating, it loses CO2 more readily, with formation of 
pyridine; and it gives a yellowish-red coloration with ferrous. 
sulphate. Quinolinic acid answers to the same tests: it may, there- 
fore, be concluded that they are applicable to acids with a carboxyl- 
group in the a-position. 

456. Pyridine may be regarded as derived from benzene by 
replacement of one CH-group by N. Other closed-chain com- 
pounds are known, derived from benzene by replacement of two: 
CH-groups by O, NH, or §, respectively. Such are furan (or jur- 
furan), CsH4O; pyrrole, CgH5N; and thiophen, C4H48. 


II. FURAN,* (,H,O. 


457. Furan, C4H,40, B.P. 36°, is of little importance, but two 
of its substitution-products must be considered in some detail. 
To furan is assigned the ring-formula 


* The CupmicaL Society or Lonpon adopts the name furan for the 
O 


( ~~ 
simple ring , the corresponding radical being furyl. The double syl- 


lable furfur ...is reserved for derivatives with a side-chain, containing the 
O 


as eee 
os (TS 
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This formula is supported by the resemblance in properties between 
some of its derivatives, such as furfuraldehyde (furfural or jurfurole), 


UH,0-Cp, and the corresponding benzene derivatives. More- 


over, the O-atom can be proved to be linked similarly to that of 
ethylene oxide (156), for on treatment with sodium, furan does not 
evolve hydrogen, proving the absence of a hydroxyl-group; and it 
does not react with hydroxylamine or-phenylhydrazine, indicating 
that it has no. carbonyl-group. 

Furan derivatives can be obtained from the 1:4-diketones, 
R-CO-CH2-CH2-CO-R, by treatment with dehydrating agents, 
such as acetyl chloride. This reaction may be regarded as the 
result of the conversion of the diketone into an unstable, tauto- 
meric form, R-C:CH-CH:C-R, which loses water: 


OH OH 
R 
HO=Ct fe 
Lae TO aie O 
HO=C De (OH ac 


This method yields 2:5-furan derivatives, the C-atoms in furan 
being denoted as in the scheme 


O O 
t 2 ss, 
5 2 a a 
Pasa 
43 B’ 8 
This synthesis of furan derivatives is likewise a proof of their 


constitution. 
458. The most important derivatives of furan are jurfuraldehyde 


C4H,0-CG), and pyromucic acid, CsH30-COOH: both have long 


been known. 

Furfuraldehyde is prepared from pentoses by the method men- 
tioned in 208. It has the character of an aromatic aldehyde: like 
benzaldehyde (335), it is converted by alcoholic potash into the 


§ 458] FURAN. 545 


corresponding acid, pyromucic acid, and the corresponding alcohol, 
jurjuryl alcohol, CsH30-CH20OH: 


ee ine = 
Co COOH " / SH208. 
O O O 


Furfuraldehyde Pyromucie acid Furfuryl alcohol 


With ammonia it yields furfuramide, (C5H40)3No, analogous in 

composition to hydrobenzamide (335). Just as benzaldehyde con- 

denses in presence of potassium cyanide to benzoin (428), furfur- 

aldehyde under the same conditions yields the similarly constituted 
H 

furfuroin, Cs4H30-C-CO-C4H30. The resemblance in properties 
OH 

between the two compounds is, therefore, very striking. 

Furfuraldehyde is proved to have the 2-structure by various 
means: for example, by its formation from pentoses (208), a reac- 
tion which may be represented by the scheme: 


Ie) Isl 
l 
CH-CHO/H CH=CH 
ene 
bi. CS lou CH=c<” 
Neh 
Noe C9 
re i O 
Pentose Furfuraldehyde 


Furfuraldehyde thus results from the elimination of three molecules 
of water under the influence of hydrochloric acid or sulphuric acid. 
It is a colourless, oily liquid of agreeable odour, and boils at 162°. 
A test for it is described in 208. 

As its name indicates, pyromucic acid is formed by the dry dis- 
tillation of mucic acid (209, 4). It can also be obtained by oxidiz- 
ing furfuraldehyde with silver oxide. - It is crystalline, melts at 182°, 
ean be readily sublimed, and dissolves freely in hot water. When 
heated at 275° in a sealed tube, it yields carbon dioxide and furan. 
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Pyromucic acid wholly lacks the character of an aromatic com- 
pound: its properties in no way resemble those of benzoic acid, but 
are like those of the unsaturated aliphatic acids. Thus, it easily 
undergoes oxidation: it almost instantaneously decclorizes VON 
Baryer’s reagent (123), and readily adds four bromine atoms. 
Hence, the distinguishing characteristics of the benzene-nucleus are 
absent, so that the formula 


HC—CH 
ie, 
HC=c_, 
| 

COOH 


with two double bonds, must be assigned to it. 


III. PYRROLE, C,H;N. 


459. Pyrrole is the most important of the heterocyclic com- 
pounds with a ring of five atoms. Several natural products con- 
taining the pyrrole-nucleus are known: examples are the colouring- 
matter of blood; chlorophyll; and certain alkaloids, among them 
nicotine. Pyrrole derivatives have also been found among the 
decomposition-products of proteins. Pyrrole is a constituent of 
‘““Dippel’s oil” (449). The fraction of this oil which distils between 
120° and 130° is employed in the preparation of pyrrole. After 
removal of the pyridine bases by treatment with dilute sulphuric 
acid, and of the nitriles by boiling with sodium carbonate, the frac- 
tion is dried, and treated with potassium. Potassiopyrrole, CsH4N K, 
is formed, and can be purified by washing with ether. It is recon- 
verted into pyrrole by the action of water. 

Pyrrole is a colourless liquid, specifically somewhat lighter than 
water, and boiling at 131°. On exposure to light, it soon acquires 
a brown colour. The vapours of pyrrole and its derivatives impart 
a earmine-red colour to a wood-shaving moistened with hydrce- 
chloric acid, due to the formation of an amorphous substance 
‘‘pyrrole-red.”’ This reaction furnishes a delicate test for pyrrole 
and its derivatives. 

Pyrrole can be synthesized by several methods: for example, 
by the interaction of succindialdehyde and ammonia: 
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Cue=c +NH,  CH;—CH< eb 7 
CH,—CO4NH; CH,—cH<NHe 
2 H 3 2 OH 
CH=CH, 
= NH +NHg +20. 
CH=CH 
Pyrrole 


Its homologues can be obtained by the action of ammonia upon 
1:4-diketones: 


1:4-Diketone aa’-Pyrrole 
(tautomeric form) : 
The nomenclature of the pyrrole derivatives is indicated in the 
scheme 


NH 

ey or at Ae 
le al Bl , 
This structure is inferred from the foregoing syntheses and other- 
wise. The basic properties which should be characteristic of a 
substance with the formula of pyrrole are masked by the resinifying 
action of acids. As a result of this influence, no sulpho-acids have 
been obtained, and nitro-derivatives only by an indirect method. 

Among the properties of pyrrole indicating its relation to the 
aromatic compounds is its behaviour with halogens: unlike an ali- 
phatic unsaturated compound, it yields substitution-products, but 
not addition-products. The analogy in properties between pyrrole 
and aniline, and especially phenol, is very marked. The transfor- 
mation of 1-methylpyrrole into 2-methylpyrrole under the influence 
of heat resembles the conversion of methylaniline into p-toluidine 
(316): 

C4H4N-CH3 rir C4H3 (CHs3) -NH. 
1-Methylpyrrole 2-Methylpyrrole 

Just as sodium phenoxide is converted by carbon dioxide into 
salicylic acid (386), so potassiopyrrole and carbon dioxide yield 
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2-pyrrolecarboxylic acid. Like phenol, pyrrole unites with benzene- 
diazonium chloride, with elimination of hydrochloric acid (343). 

When pyrrole is treated with chloroform in presence of sodium 
alkoxide, a notable reaction ensues. The C-atom of the chloroform 
takes up a position between two of the C-atoms of the pyrrole- 
nucleus, forming {-chloropyridine: 


NH N 
AS 
-- CHCls3 ——> Cl’ 
| 
Pyrrole 8-Chloropyridine 


On reduction with zinc-dust and cold hydrochloric acid, pyrrole 
takes up two hydrogen atoms, forming dihydropyrrole,* C4H7N, 
which boils at 91°. Like the partial reduction-products of aromatic 
compounds, dihydropyrrole behaves as an unsaturated compound, 
another indication of the aromatic character of pyrrole. 


IV. THIOPHEN, (,H,S. 


460. Thiophen has the most aromatic character of the com- 
pounds mentioned in 456. 

It is present in the crude benzene obtained from coal-tar (293) 
to the extent of about 0-5 per cent.: its homologues, thiotolen or 
methylthiophen, and thzoren or dimethylthiophen, are contained in 
toluene and xylene from the same source. 

Thiophen was first obtained by Vicror Meyer by agitating 
coal-tar benzene with small amounts of concentrated sulphuric 
acid till it ceased to give the indophenin-reaction, a blue coloration 
with isatin (466) and concentrated sulphuric acid. By this treat- 
ment the thiophen is converted into a sulphonic acid, from which 
it can be regenerated by the action of superheated steam. 


A better method for the separation of benzene and thiophen 
is to boil the crude benzene with mercuric oxide and acetic acid. 
The thiophen is precipitated as thiophen mercury oxyacetate, 
C,H»S(HgOOC-CH;)-HgOH, which is reconverted into thiophen by 
distillation with moderately concentrated hydrochloric acid. 


* The CurmicaL Society or Lonpon employs the name dihydropyrrole 
for the compound C,H,N, and tetrahydropyrrole for C,H,N. In the nomen- 
clature of the GERMAN CHEMICAL SOCIETY the corresponding terms are pyrrolin 
and pyrrolidin, 
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Thiophen can be synthesized by various methods, the most 
important being the interaction of succinic acid and phosphorus 
pentasulphide. On heating a mixture of these substances, a vigor- 
ous reaction ensues, carbon disulphide is evolved, and a liquid, con- 
sisting chiefly of thiophen, distils. 

It is a colourless liquid, boiling at 84°, a temperature which 
differs little from the boiling-point of benzene (80-4°). It has a 
faint, non-characteristic odour. Itis heavier than water, its specific 
gravity being 1-062 at 23°. 

Bromine reacts energetically with thiophen, forming chiefly 
dibromothiophen, CasH2BreS, along with a small proportion of the 
monobromo-derivative. 

The notation of thiophen derivatives is indicated by the schemes 


The homologues of thiophen can be obtained by Firria’s syn- 
thesis (294) and by other methods: for instance, by heating 1:4- 
diketones with phosphorus pentasulphide, a mode of synthesis 
which proves the constitution of the thiophen homologues. Thus, 
acetonylacetone yields dimethylthiophen : 


CH 
po CHs 
aaa HC=C 
a ys 
HC=Ce mee 
NCH. H3 
Acetonylacetone 2:5-Dimethylthiophen 


(tautomeric form) 


2:5-Dialkylthiophens are obtained from 1:4-diketones: the 
3:4-alkyl-compounds can be prepared by another method. As 
stated, thiophen results from the interaction of succinic acid and 
phosphorus pentasulphide: ; 


H 
H,C—COOH ON 
| oo | Pp» 
H,C—COOH HC—C 
H 


Succinic acid Thiophen 
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Similarly, a monoalkylsuccinic and symmetrical dialkylsuccinic 
acid respectively yield a 3-alkylthiophen and a 3:4-alkyvlthiophen: 


CH3-CH—COOH CH;-C—CH 
| _ Pers 
CH;-CH—COOH Gis -6--CH 
Symmetrical dimethyl- 3:4-Dimethyl- 
succinic acid thiophen 


The known structure of these compounds can be employed as 
a basis for the orientation of the derivatives of thiophen. 

When a cold aqueous solution of the two monocarboxylic acids, 
2-thiog-hencarboxylic acid and 3-thiophencarboxylic acid, 


S 


S 
~ COOH and a ; 
—cCOOH 


is cryatallized slowly, there is formed a mixture which cannot be 
resolved into its components. This phenomenon is due to the 
formation of mixed crystals, and is of rare occurrence with posi- 
tion-isomerides. On oxidizing a mixture of 2-thiotolen and 3- 
thiotolen, an apparently homogeneous acid is obtained: from its 
method of formation, however, it can only be a mixture of the 
corresponding acids. ; 
Thiophenketones are prepared by FRIEDEL and Crarts’s re- 
action (294): thus, acetothiénone or 2-thiénylmethylketone, 
C4H,4S-COCHs, is obtained from acetyl chloride, thiophen, and 
aluminium chloride. These ketones are readily oxidized to thio- 
phencarboxylic acids, a good method of preparing these compounds. 
A thiophensulphonic acid is also known: it is more easily formed 
than benzenesulphonic acid, which is the basis of Victor MryEr’s 
method of separating thiophen and benzene. On distillation with 
potassium cyanide, it forms the corresponding nitrile; but the 
sulpho-group is not exchanged for hydroxyl by fusion with caustic 
potash. It is possible, however, to obtain a thiophenphenol by the 
interaction of aminothiophen hydrochloride and nitrous acid, which 


yields a nitrated hydroxyl-derivative, CHS < oq This com- 


pound greatly resembles p-nitrophenol; thus, it dissolves in alkalis, 
yielding a solution of yellow colour. 

On volatilizing thiophen in a current of air, and passing the 
resulting gaseous mixture into carefully cooled, fuming nitric acid, 
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the principal product is dinitrothiophen, although mononitrothiophen 
is also formed. The mononitro-compound is a solid, melting at 44°, 
and boiling at 224°: it has an odour like that of nitrobenzene. On 
reduction, it yields aminothiophen, or thiophenine, which differs from 
aniline in being very unstable: it changes quickly to a varnish-like 
mass, but its hydrochloride is stable. It does.not yield diazo-com- 
pounds, but reacts with benzenediazonium chloride, forming a 
crystalline, orange dye. 

Many other thiophen derivatives have been obtained, chiefly 
through the researches of Vicror Mryrer. The examples cited 
suffice to indicate the great analogy subsisting between the prop- 
erties of thiophen and those of benzene. 


V. PYRAZOLE, C;H,N). 


461. Pyrazole is formed in several reactions, one of them being 
the combination of hydrazine with propiolaldehydeacetal (148): 
CH=C.-.CH(OC2Hs)e+ HaN-NH2 = 


Propiolaldehydeacetal 


Intermediate product 
(not isolated) 


C—CH CH—CH NEI 

ANE roe ao Nv J\n 

CH Pe CH oe or (3 aN. 
NH» \NH |4_3| 

Intermediate Pyrazole 

product 


This synthesis proves that pyrazole has the formula indicated, 
so that it may be regarded as pyrrole in which one of the CH-groups 
has been replaced by N. 

It is crystalline, melts at 70°, and is very stable. It is only a 
weak base, for its aqueous solution has a neutral reaction. 

Pyrazole itself does not yield important derivatives, but such 
are obtained from a dihydride, pyrazoline, C3HgN2, formed by the 
action of hydrazine hydrate on acrolein. This substance has the 
formula 


552 ORGANIC CHEMISTRY, [§ 461 


Bromine converts it into pyrazole. A ketonic derivative of pyra- 
zoline, called pyrazolone, has the formula 


NH 


Substitution-products of it are obtained by the interaction of 
ethyl acetoacetate and phenylhydrazine: 


CH3—C\|O H.|N CHg:C—=Ny 


| Te hare | 
H.C—CO ° (OC2H5 H NC,Hs H,C—CO” 


Methylphenylpyrazolone is thus formed. Methylphenylhydrazine, 

CsH;-NH-NH-CHs3, condenses similarly with ethyl acetoacetate, 

yielding a dimethylphenylpyrazolone of the formula 
CH3-C—N(CHs) 


|| >N-CeHs. 
HC—CO 


N-CeHs. 


This is antipyrine, C},;H,2ONe, discovered by Knorr, and exten- 
sively employed in medicine as a febrifuge. It crystallizes in white 
leaflets melting at 113°. It cannot be distilled without undergoing 
decomposition. It is readily soluble in water and alcohol: the 
aqueous solution gives a red coloration with ferric chloride, and a 
bluish-green coloration with nitrous acid. 


Many other ring-compounds are known, containing rings of six, 
as well as of five atoms, but they are beyond the scope of this book. 


CONDENSATION-PRODUCTS OF BENZENE AND 
HETEROCYCLIC NUCLEI. 


462. Only three of the condensation-products of benzene and 
heterocyclic nuclei will be described: quinoline, isoquinoline, and 
indole. The first two are related to the alkaloids, and the last is 
important on account of its connection with indigo. 


I. QUINOLINE, C,H,N. 


463. Quinoline is present in coal-tar and bone-oil, but is difficult 
toobtain purefrom these scurces. Itisusually prepared by Skraup’s 
synthesis, described below. It is a colourless, highly refractive 
liquid of characteristic odour: it boils at 236°, and has a specific 
gravity of 1-1081 at 0°. It has the character of a tertiary base, so 
that it possesses no hydrogen linked to nitrogen. It yields salts 
with acids: the dichromate, (CoH7N)2H2Cr2O7, dissolves with diffi- 
culty in water. 

Quinoline can be synthesized by various methods which prove 
its constitution. Its synthesis was first effected by Konias, by 
passing allylaniline-vapour over red-hot oxide of lead: 


H NH lel IN 
Wa ESS 
Ne ae We 

Hoc CHs Jal Jel 


Allylaniline 


Sxraup’s synthesis consists in heating together aniline, glycerol, 
sulphuric acid, and nitrobenzene. In presence of sulphuric acid as a 
dehydrating agent, the glycerol loses water, forming acrolein, which 
unites with the aniline to an addition-product, 


CgHs-NH.CH)-CH2-Ca. 


In K6nic’s synthesis the oxidizing agent is the lead oxide; in this 
553 
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reaction it is the nitrobenzene, which is reduced to aniline. Arsenic 
acid can be substituted for nitrobenzene. 

Von Bakyer and DrEwseEN have discovered another method of 
synthesis which proves the constitution of quinoline: it involves 
the reduction of o-nitrocinnamaldehyde. This compound is first 
converted into an intermediate product, the corresponding amino- 
derivative, the H-atoms of the NHo»-group of this substance being 
subsequently eliminated along with the O-atom of the aldehyde- 


group: 


= ish Sh 
a cO| HN NE 
[ | H -H.0 = le 
\ ZC We 
CH el Jal 
o-Aminocinnamaldehyde Quinoline 


The last synthesis proves quinoline to be an ortho-substituted 
benzene: the constitution of the ring containing the N-atom has 
now to be determined. The method employed is based upon oxi- 
dation, which produces a dibasic acid, quinolinic acid, 


N 

PaROr 

HOOC\ /H 
i 


On distillation with quicklime, quinolinic acid yields pyridine. 
From these facts it must be concluded that quinoline contains a 
benzene-nucleus and a pyridine-nucleus, with two ortho-C-atoms 
common to both. It may be regarded as naphthalene, with one of 
the CH-groups, 1-4-5-8, replaced by N. 

The number of isomeric substitution-products is very large, 
The seven hydrogen atoms occupy dissimilar positions relative to 
the nitrogen atom, and consequently seven monosubstitution- 
products are possible. Twenty-one disubstitution-products are 
possible for similar substituents, while the number of tri-derivatives 
possible is much greater, and so on. 

464. There are three methods for the orientation of quinoline 
derivatives. 

First, the relative method (398, 1). 
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Second, oxidation. This usually removes the benzene-nucleus, 
leaving the pyridine-nucleus intact, and thus furnishes a means of 
determining which substituents are present in each. 

Third, Skraup’s synthesis—an important aid to orientation. 
It can be carried out not only with aniline, but with many of its 
substicution-products, such as homologues of aniline, nitroanilines, 
aminophenols, and other derivatives. The quinoline compounds 
thus obtained have their substituents in the benzene-nucleus. But 
this synthesis also indicates the positions of the side-chains when 
an ortho-substituted or a para-substituted aniline is used: thus, 


Xx Nib ae N 
© can only yield ie : ; 
Zz A 
Ortho 
NHp ry 
and os only ene ; 
By we 
ee WA 
while can yield FOS or @r 
Meta fe Sg 


All four possible quinoline derivatives with substituents in the 
benzene-nucleus can, therefore, be prepared by Skraup’s synthesis. 

The nomenclature of the quinoline derivatives is indicated in 
the scheme 


Many of the known quinoline derivatives are obtained by 
Sxraup’s method, a smaller number directly from quinoline. The 
sulphonic acids are best prepared by the latter method. On fusion 
with caustic potash, they are converted into hydroxyquinolines; 
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when heated with potassium cyanide, they yield cyanoquinolines, 
which on hydrolysis give carboxylic acids. 

Carbostyril, or 2-hydroxyquinoline, can be synthesized by the 
elimination of water from o-aminocinnamic acid: 


N 
ei V7 
NE #0 =( % )o%, 
on Ver 


ert men acid Carbostyril 


CoH 


It has a phenolic character: thus, it dissolves in alkalis, and is 
reprecipitated by carbon dioxide. 


II. tsoQUINOLINE, ©,H,N. 


465. isoQuinoline is present in coal-tar, from which HooGEWwERFF 
and vAN Dorp isolated it in the form of its sparingly soluble sulphate. 
It is a colourless substance with an odour like that of quinoline. It 
melts at 21°, and boils at 237°. 

Its synthesis indicates its constitution. On heating, the ammo- 


nium salt . homophthalic acid, C,H, Sie ona 9 is converted into 


homophthalimide: 
COONH 
Gi Ws oe -NH, = GR ae 
CH,COONH, CH. -CO* 


On treating with phosphorus oxychloride, each O-atom is replaced 
by two Cl-atoms, 2HCl being subsequently eliminated, with forma- 
tion of dichloroisoquinoline: 


Cl 
a INT Xe 
~ NT 
CEC Dichlorotsoquinoline 
H|H Cl| 


Reduction with hydriodic acid and phosphorus converts this sub- 
stance into zsoquinoline, in which the N-atom of the pyridine-nucleus 
is not directly linked to the benzene-nucleus, wherein it differs from 


ordinary quinoline: 
NaN 


7 | 2)N 
vee 
ae 


zsoQuinoline 
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The products obtained by the oxidation of isoquinoline support 
this view of its constitution. The benzene-ring is removed from 
one part, and the pyridine-ring from the other, so that cincho- 
meronic acid and phthalic acid are formed: 


a ox N Non N aa Gene 
Su | > an as 2 
Save HOOC S WENGE \/ COOH 


Cinchomeronie acid Phthahe aad 


III. INDOLE, CsH,N. 


466. The relation between indigo and indole, mentioned in 
462, is made evident by the following series of transformations, 
chiefly the discoveries of von BaryEr. 

On treatment with nitric acid, indigo, CygH;902Ne, yields an 
oxidation-product, isatin, CsHsO02N, which can also be synthesized 
by treating o-nitrobenzoyl chloride with silver cyanide. When 
hydrolyzed, the resulting nitrile yields o-nitrobenzoylformic acid: 


NO, 1 NO NO 
Oss <eQ ici 2 CHa < Cg con > CoHs< CO !cooH. 
o-Nitrobenzoyl o-Nitrobenzoyl o-Nitrobenzoyl- 
chloride cyanide formic acid 


On reduction, the nitro-group in this acid is converted into an 
amino-group, and water eliminated simultaneously with the forma- 
tion of isatin, which has, therefore, the constitution indicated by 
the equation 


rT 


N 
ee N\H2 a aA re \ 
Pent 60 -ClO OW HLO=CaHC | /YO-OH, 2 
eee... Isatin or CoH oo. 
CO 


When reduced with zine-dust and hydrochloric acid, isatin takes up 
two hydrogen atoms, forming dioxindole, CgH7O2N. This com- 
pound also results on the elimination of water from the unstable 
o-aminomandelic acid, which determines its constitution: 


NH 


are arr Ome CoH SCO. 
CH 


Gots CHOH—CO|OH 
o-Aminomandelic aci 5 
OH 


Dioxindole 
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When reduced with tin and hydrochloric acid, dioxindole yields 
oxindole, CgH7ON, which is also obtained by reduction of o-nitro- 
phenylacetic acid and subsequent elimination of water: 


NH 
NH|H - ra 
CoH < OH Sooion E20 = OE See 


o-Aminophenylacetic acid Oxindole 


Distillation with zinc-dust converts oxindole into indole, CgsH7N, 
which must, therefore, have the structure CoH oy Jeu 3 or 


NH 
ia 
6 2 


oe 
ve 


Indole 


Indole, therefore, possesses a benzene-nucleus condensed with a 
pyrrole-nucleus. It does, in fact, display some of the properties 
characteristic of pyrrole: thus, it is a very weak base, and gives a 
red coloration with hydrochloric acid. 


467. 3-Methylindole, or skatole, 


NH . 
CHK OH, 
C-CH; 
is present in feces, and occasions the unpleasant odour. It is also 
found in a species of wood grown in India, and is formed in the 
putrefactive decay of proteins, or by fusing proteins with caustic 
potash. 

Tryptophan, C,,H,0,N2, is an important decomposition-product 
of albumin (243) and an indole derivative. It is synthesized by 
treating indole with chloroform and potassium hydroxide in alcoholic 
solution. 6-Indolealdehyde (1.) is formed as an intermediate product, 
and condenses with hippuric acid to indolylbenzoylaminoacrylic acid 
(II.). On treatment with sodium and alcohol, the double bond of 
this compound adds two hydrogen atoms and the benzoyl-group is 


simultaneously eliminated, with formation of racemic tryptophan 
CHIEN 
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Tryptophan 


Indigo. 


468. The constitution of indigo is inferred fromitsformationfrom 
isatin chloride, obtained by the interaction of isatin and phosphorus 
pentachloride. On reduction with zinc-dust and acetic acid, it is 
transformed into indigo: 


N 
ye * i VA x = 
CoH 6 isl aely >CsHa = 
+ HiIH H' 


Grr aN Sine a > CeH4+2HCl. 


Since on treatment with sulphuric acid, and subsequent reduc- 

tion, o-dinitrodiphenyldiacetylene, eae aren , 1S con- 
NO: NO: 

verted into indigo, the two isatin-residues in the latter must be 

united by a carbon linking. 

469. Indigo has long been known as one of the most beautiful 
blue dyes, and is very permanent, being unaffected by light, acids, 
alkalis, or washing. It is prepared from certain plants, among them 
Indigofera tinctoria and leptostycha. ‘They are cultivated on a large 
scale in Bengal in India—whence the dye derives its name—as 
well as in Central America, Java, and other countries. Indigo is 
not present in the plant as such, but in combination as the 
glucoside indican, which is present chiefly in the leaves, and can be 
extracted with hot water. It is crystalline, and has the formula 
C,4H,70,.N+38H20. In addition to the glucoside, the leaves con- 
tain an enzyme, the activity of which, like that of all enzymes, is 
destroyed by boiling water: hence, when indican itself is to be 
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prepared, hot water must be employed in the extraction. With 
cold water, both indican and the unchanged enzyme dissolve, and 
the glucoside decomposes into dextrose and indoxyl, CgH7ON, or 
NH 
CoH (py CH, 

a substance which is moderately stable in acid solution, but in dilute 
alkaline solution is quickly oxidized to indigo by atmospheric 
oxygen. 

The manufacture of indigo from the plants containing it is 
carried out by the method indicated. The leaves of the indigo- 
plant are allowed to remain immersed in lukewarm water for some 
hours: the aqueous extract is ‘““churned ” by a revolving water- 
wheel with wooden paddles, which aerates it, and thus oxidizes the 
indoxyl to indigo. The oxidation-process is facilitated by the 
addition of slaked lime to make the liquid faintly alkaline. The 
indigo formed sinks to the bottom, is removed by filtration, and 
dried. It is put on the market in the form of small cubes. 

In addition to the blue dye, ¢ndigotin, commercial indigo con- 
tains indiglucin, indigo-brown, and indirubin; these substances 
can be extracted by water, alcohol, and alkalis, in which indigotin 
is insoluble. Indigotin is a dark-blue powder, which, when rubbed, 
has a copper-like lustre. It can be sublimed in vacuo, so that it is 
possible to determine its vapour-density. It is insoluble in most 
solvents, but can be crystallized from nitrobenzene or aniline. It 
dissolves in fuming sulphuric acid, with formation of sulphonic acids. 

On account of the great industrial importance of indigo, many 
attempts have been made to synthesize it. One method is com- 
mercially successful, enabling the artificial product to be sold at the 
same price as natural indigo. It yields pure indigotin, which is 
sometimes an advantage. This method is employed by the 
BapiscHE ANILIN- UND Sopa-Fasrik of Ludwigshafen-on-Rhine. 


Anthranilic acid, or o-aminobenzoic acid (397), OH ae 


combines with monochloroacetic acid to form. phenylglycine-o-car- 
borylic acid: 


NH (H+ ClH.C-CO.H NHBC. (COdH 
CoHs < GOH < nO en 


Phenylglycine-o-carboxylic acid 
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Fusion with caustic soda transforms this compound into indoxyl, 
CH en Ol which in alkaline solution is converted by 


atmospheric oxidation into indigo. 

The manufacture of indigo by this method has been rendered 
possible by the discovery of a satisfactory process for the manufac- 
ture of anthranilic acid. It is obtained by oxidizing naphthalene 
to phthalic acid (367), which can be converted into anthranilic 
acid, with intermediate production of phthalimide (397). 

On reduction, indigo takes up two hydrogen atoms, with for- 
mation of indigo-white, CjgH,202Ne2, a white, crystalline substance, 
the phenolic character of which is proved by its solubility in alkalis. 
In alkaline solution it is speedily reconverted into indigo by atmos- 
pheric oxidation, a reaction employed in dyeing with this substance, 
The dye is first reduced to indigo-white, and the fabric thoroughly 
soaked in an alkaline solution of this compound: on exposure to 
the air, the indigo-blue formed is fixed on the fibres. The process 
is technically known as “ indigo-vat-dyeing.” 

The reduction of indigo to indigo-white is variously carried out 
in the dyeing-industry according to whether wool, silk, or cotton 
is to be dyed. Reduction is best effected with a salt of hyposul- 
phurous acid, H2S2O4 (“Inorganic Chemistry,” 83), for the two 
first named. The solution is mixed with zinc hyposulphite, and 
treated with excess of milk of lime, which precipitates zine hydrox- 
ide. The indigo is mixed with water, and warmed to about 60° 
with the solution of calcium hyposulphite, a concentrated alkaline 
solution of indigo-white being obtained in a short time. On adding 
to it sufficient water in the dyeing-vat, the bath is ready for use. 

The hyposulphite reduction-process possesses the advantage 
that the reduction stops at the formation of indigo-white, so that 
almost none of the indigo is lost. 


ALKALOIDS. 


470. Plants of certain families contain substances, usually of 
complex composition and basic character, called alkaloids. Their 
classification in one group is of old standing, and had its origin in 
an idea similar to that which prevailed concerning the vegetable 
acids (1) prior to the determination of their constitution. Just as 
the latter have been subdivided into different classes, such as 
monobasic, polybasic, aliphatic, and aromatic acids, so it has become 
apparent that the individual alkaloids can be arranged in different 
classes. Most of the alkaloids are related to pyridine, quinoline, or 
isoquinoline, while a smaller number belong to the aliphatic series. 
Some of the latter class are described along with the compounds of 
similar chemicai character: among them are betaine (230), mus- 
carine (248), choline (162), caffeine, and theobromine (278). Only 
alkaloids which are derivatives of pyridine are described in this 
chapter: to them the name alkaloids, in its more restricted sense, 
is applied, the other substances being known as vegetable bases. 


PROPERTIES. 


471. It is seldom that an alkaloid is present in more than one 
family of plants: many families do not contain them. The occur- 
rence of alkaloids is almost entirely confined to dicotyledonous 
plants. Only a few, such as coniine and nicotine, are liquids: most. 
of them are crystalline. Many are optically active and levo-rota- 
tory: it is very exceptional for them to exhibit dextro-rotation. 
They have an alkaline reaction and a bitter taste: most of them are 
insoluble in water, more or less soluble in ether, and readily soluble 
in alcohol. Most are insoluble in alkalis, but dissolve in acids, 
forming salts which are sometimes well-defined, crystalline sub- 


stances. 
562 
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OupEMANS observed that the specific rotatory power (27, 2) of 
the alkaloid salts of strong acids in aqueous solution depends only 
on the alkaloid, and is not influenced by the nature of the acid- 
radical; while for the salts of weak acids it depends on the nature 
of both the alkaloid and the acid. This is explained by the theory 
of electrolytic dissociation: when dissolved, the salts of strong acids 
are almost completely ionized, so that in solutions of equimolecular 
concentration there is always the same amount of the optically active 
cathion present. The salts of weak acids, however, are to a great 
extent non-ionized, so that they possess a different (smaller) specific 
rotatory power. 


Many alkaloids can be identified by characteristic colour-reac-. 
tions. Some substances precipitate many of the alkaloids from 
their aqueous or acid solution: such general alkaloid-reagents are: 
tannin (389), phosphomolybdic acid, mercuric potassium iodide, 
KI. Hel, (“ Inorganic Chemistry,’ 273), and others. Some alka- 
loids are excessively poisonous. 


Strong tea is sometimes employed as an antidote, the tannin 
present precipitating the alkaloid, and rendering it innocuous. 


Most of the alkaloids are tertiary amines, and consequently 
yield addition-products with methyl iodide: none of them possesses: 
the character of a primary amine. Many contain acid-residues or 
methoxyl-groups: the former are removed by saponification, effected 
by heating with bases or acids, the latter by heating with hydriodic 
acid, which yields methyl iodide. Hydroxyl-groups can be iden- 
tified in the ordinary way with acid chlorides or acetic anhydride 
(95. and 96). On dry distillation, or on heating with zinc-dust, 
substituted pyridines are sometimes formed. 

On account of the complex constitution of the alkaloids, the 
structures of many of them remain undetermined, so that a rational 
classification is not yet possible. 

472. In the extraction of the alkaloids from plants the latter 
are cut up into fine pieces and lixiviated with acidified water in a 
conical vat tapering towards the bottom, where there is a layer 
of some material such as glass-wool or lint. The effect is that the 
acidified water gradually sinks through a thick layer of the sub- 
stance under extraction, a process technically known as ‘ percola- 
tion.” Dyes, carbohydrates, inorganic salts, etc., are dissolved 
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along with the alkaloids. When the alkaloid is volatile with 
steam, it can be separated by this means from the liquid, after 
making the mixture alkaline: when it is comparatively insoluble, 
it can be obtained by filtration. Further purification is always 
necessary, and is effected by crystallizing the free alkaloid or one 
of its salts several times. 


INDIVIDUAL ALKALOIDS, 
Coniine, CsH, 7N. 


473. The synthesis of coniine is described in 453. It is present 
in spotted hemlock (Convum maculatum), and is a colourless liquid 
of stupefying odour. It boils at 167°, is but slightly soluble in 
water, and is very poisonous. 


Nicotine, C, oH, 4No. 


474. Nicotine is present in combination with malic acid and 
citric acid in the leaves of the tobacco-plant (Nicotiana tabacum). 
It is a colourless, oily liquid, which is levo-rotatory, and readily 
soluble in water. It has a tobacco-like odour, which is not so 
marked in a freshly-distilled sample as in one which has stood for 
some time. It boils at 246-7°, and is excessively poisonous. It 
quickly turns brown on exposure to air. It is a ditertiary base: 
on oxidation with potassium permanganate, it is converted into 
nicotinic acid (455), proving it to be a $-derivative of pyridine. 

The constitutional formula of nicotine is 


with a hydrogenated pyrrole-nucleus methylated at the nitrogen 
atom, and a (-substituted pyridine-nucleus. The formula also ex- 
presses the facts that nicotine is a ditertiary basis and that it yields 
nicotinic acid on oxidation. This formula is proved by the syn- 
thesis of nicotine; which yields an optically inactive modification 
resolvable into components. The lzvo-rotatory isomeride is iden- 
tical with natural nicotine. The dextro-rotatory form is much less 
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poisonous than the levo-rotatory, and also differs from it in other 
respects in its physiological action. 


Atropine, C,7H2303N. 


475. Atropine is present in the berry of the deadly nightshade 
(Atropa belladonna) and in the thorn-apple, the fruit of Datura 
stramonium. It is crystalline, melts at 115-5°, and is very poison- 
ous. It exercises a ‘‘mydriatic ”’ action—that is, when dropped 
in dilute solution on the eye, it expands the pupil: for this reason 
it is employed in ophthalmic surgery. It is optically inactive. 
On heating with hydrochloric acid or caustic soda at 120°, it takes 
up water and yields tropine and tropic acid: 

C,7H2303N +H20 = CgHi50N + CoHj 903. 

Atropine Tropine Tropic acid 
It can be regenerated from these two substances by the action 
of hydrochloric acid. Atropine is, therefore, the tropine ester 
of tropic acid, which is a-phenyl-G-hydroxypropionic acid, 


CeH5-CH ara The constitution of tropine is probably a 


carbon ring of seven atoms with a “‘nitrogen-bridge,”’ 


ak; Il. 
H,C—CH——CHg2 


| | 
N-CH,CHOH. 
| 

CH, 


| 
H,C—CH 


This formula was proposed by WILLSTATTER and is based on the 
decomposition-products of tropine. They are 

1. Methylsuccinimide, (1.) indicating the presence of a tetra- 
hydropyrrole-nucleus.* 

2. Tropidine, obtained through elimination of water by heat- 
ing with potassium hydroxide or dilute sulphuric acid: 

CgHi,0N —H20 = CgHy3N. 
Tropine Tropidine 
Tropidine can be converted into a-ethylpyridine (II.), proving 
that tropine contains a pyridine-ring. 
* Cf. footnote, 459. 
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3. Ecgonine (476) is a carboxylated tropine: it breaks down 
to suberone (III.), indicating the presence of a ring of seven 
carbon atoms in the tropine molecule. It has also been estab- 
lished by the usual methods that tropine is a tertiary base, and 
contains a hydroxyl-group: 


CH:—CO 
1 NCH; Onli Ge ap 
Ho - a CoHs5 ? 
N 
Che =Che cre 
Il. | Neco. 


(Hono 


Cocaine, C,7H2,04N. 


476. On account of its use as a local anesthetic, cocaine is the 
best known of the alkaloids present in coca-leaves (Lrythroxylon. 
coca). It is crystalline, is readily soluble in alcohol, and melts at 
98°. On heating with strong acids, a benzoyl-group and a methyl- 
group are eliminated, with formation of ecgonine, CgH,503N, so 
that the formula of cocaine may be written 


CoH 302N (OCHS) (COC¢Hs). 


By benzoylating and methylating ecgonine, cocaine is regenerated. 
Hegonine is a carbony]-derivative of tropine. 


Morphine, C, 7H i9O3N. 


477. Morphine is the longest-known alkaloid: it was obtained 
from opium in i806 by SerTURNEeR. Opium is the dried juice of 
the seed-capsules of Papaver somnijerum, a variety of poppy. It 
is a very complicated mixture, containing caoutchouc, fats, resins, 
gums, sugars, proteins, mineral salts, meconic acid, 

(CH30)2C6H2(CH20H) (COOH), 
some more organic acids, and other substances, together with 
numerous alkaloids. Twenty of the last-named have been identi- 


fied: of these morphine is present in largest proportion, and con- 
stitutes about 10 per cent. of opium. 
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Morphine is crystalline, and melts with decomposition at 230°. 
It is slightly soluble in water, is without odour, and is employed 
as an anodyne and narcotic. 

478. The reactions of morphine indicate that one of its three 
oxygen atoms is linked as phenolic hydroxyl, proved by its 
solubility in alkalis; the second is present as alcoholic hydroxyl; 
and the third has an ether-linkage. On distillation with zinc- 
dust it yields phenanthrene, C, 4H 0, so that the empirical formula 
may be expanded to 


Cy 7Hi9O3N = C3 HigN[Cyi4][O][OH [HOH]. 


Treatment with methyl iodide in alkaline solution methylates 
the phenolic hydroxyl; and the addition of methyl iodide at the 
nitrogen proves morphine to be a tertiary base. The product 
formed is identical with the methyl-iodide derivative of codeine. 
On treatment of this substance with aqueous sodium hydroxide, 
hydriodic acid is eliminated, and another tertiary base contain- 
ing a like number of carbon atoms formed. It is called methyl- 
mor phimethine: 

CsHisN[Ci4][O][OCHs][ HOH] — HI =C3HisN[Ci4][O][OCH3][HOH] 
oo | 
I CHs3 CHs 
Methyl-iodide derivative of codeine Methylmorphimethine 
On heating with acetic anhydride, methylmorphimethine yields 
a product free from nitrogen and one containing nitrogen. The 
first is the monomethyl ether of a dihydroxyphenanthrene, con- 
vertible by further methylation into a synthetic product, dimethyl- 
morphol (447), a reaction indicating its structure. The second 
is hydroxyethyldimethylamine, CHgO0H:CHg:N(CH3)o. 

By combining these facts with others it has been possible to 

assign provisionally to morphine the structural formula 


H 
Hof \H 
JH 
OO 
Nem, N° 
aol Nee 
Way 
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It represents morphine as a combination ofa partially hydrogenated 
dihydroxyphenanthrene containing an ether-linked oxygen atom 
with a hydrogenated pyridine-nucleus having the nitrogen atom 
linked to methyl. 


Narcotine, Co2H2307N. 


479. Narcotine is present in opium to the extent of about 6 per 
cent., its percentage being next to that of morphine. It is crystal- 
line, melts at 176°, and is slightly poisonous. It is a weak tertiary 
base, its salts readily undergoing hydrolytic dissociation. It con- 
tains three methoxyl-groups, so that its formula can be written 
Ci 9H y404N (OCHs3)s. Nornarcotine has the formula Ci9H1404N (OH)s. 
On hydrolysis, narcotine yields the anhydride of meconic acid, or 

Vx 
meconin, (CH30)2CeH2C Po and cotarnine, Cy2Hy303N, a 
CO 


derivative of isoquinoline. Bromine ‘converts narcotine into di- 
bromopyridine. 


Quinine, C29 H24O2No. 


480. The barks of certain trees of the Cinchona and Remya 
families contain a great number of alkaloids: of these twenty-four 
have been isolated, but it is probable that more are present. The 
most important of them, on account of its anti-febrile effect, is 
quinine. Cinchonine, CigH220Ne2, is the next best-known: its 
physiological action is similar to that of quinine, but is less pro- 
nounced. 

In addition to alkaloids, these barks contain various acids, such 
as quinic acid, quinovic acid, and quinotannic acid: neutral sub- 
stances, such as quinovin, quina-red, etc., are also present. 

Quinine is very slightly soluble in water, and is levo-rotatory. 
In the anhydrous state it melts at 177°, and at 57° when it con- 
tains three molecules of water of crystallization. It is a strong 
base, and both N-atoms are tertiary. It unites with two equiva- 
lents of an acid. In dilute solution the salts of quinine exhibit a 
splendid blue fluorescence, which serves as a test for the base. 

The constitution of quinine has been elucidated, chiefly through 
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the researches of Skraup and of Konias, the latter assigning to 
it the formula 


CH 
| 


| 
H2C ‘Ho CH-CH:CHge 


which expresses the following properties of quinine. On fusion 
with potassium hydroxide quinine yields quinoline, p-methyl- 
quinoline or lepidine, and p-methoxyquinoline from the part of 
the molecule numbered I. in the structural formula; and (- 
ethylpyridine from part II. On oxidation, a@7-pyridinetri- 
carboxylic acid is obtained, also from part I. In addition, 
quinine is a ditertiary base, and contains a hydroxyl-group and a 
methoxyl-group. Its additive power indicates the presence of a 
double carbon bond. 


Strychnine, Co; H2202Np. 


481. Three extremely poisonous alkaloids, strychnine, brucine, 
and curarine, are present in the seeds of Strychnos nux vomica, as 
well as in others of the Sirychnos family. Little is known of the 
chemical nature of curarine, although it has been much studied 
from a physiological standpoint: when administered in small doses, 
it produces total paralysis. Strychnine and brucine cause death, 
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preceded by tetanic spasms—that is, contraction of the muscles; 
curarine is, therefore, employed as an antidote. 

Strychnine is crystalline, and melts at 265°; it is almost insoluble 
in water. Itis a monohydric, tertiary base, only one of its N-atoms 
exhibiting basic properties. On fusion with caustic potash, it 
yields quinoline and indole; and when distilled with slaked lime, it 
is converted into f-picoline (452). Heating with zinc-dust pro- 
duces carbazole (441) and other substances. 


INDEX. 


The basis of the arrangement of this index is two-fold: 
(1) The principal references are in old-style figures. 
(2) Where a reference is a sub-division of a principal heading, it is indented one 


em space for each word of the principal heading not repeated. 


Portions of words 


followed by a hyphen are treated as words for the purposes of this arrangement. 


A. 


Abbreviated thermometers, 32. 
ABEL, SiR FREDERICK, 38. 
Absolute alcohol, 55. 
Acetal, 253. 
Chloro-, 317. 
Acetaldehyde, 67, 129, 130, 134-137, 
140-142, 144, 163, 173, 175, 177, 
180, 187, 192, 225, 226, 229, 252, 
253, 267, 294, 319, 431, 472, 508, 
541. 
-ammonia, 134, 135, 540. 
Synthesis of, 187. 
Acetals, 135, 183, 277. 
Acetamide, 124, 125. 
hydrochloride, 125. 
Acetaminohydrazobenzene, p-, 410. 
Acetates, 110. 
Acetic acid, 2, 16, 53, 58, 93, 103, 
104, 106, ro8—-110, 115-120, 
122, 129, 143, 167, 169, 186, 
187, 189, 200, 218, 219, 223, 
250, 319, 321, 387, 408, 436, 
437, 439, 471, 503, 548, 559. 
Glacial, 30, ro9, 401, 525. 
Chloro-, 200, 218, 219, 224, 294, 
296, 297, 560. 
Synthesis of, 187. 
anhydride, 117, 135, 189, 258, 425, 
439, 472, 563, 567. 
fermentation, 283. 
Acetoacetic acid, 320. 
ester. See ethyl acetoacetate. 
synthesis, 321. 
Acetoanilide, 401, 404, 474. 
Acetochlorogalactose, 275. 
Acetone, 16, 53, 58, 59, 85, 129, 132, 
TAS AAU eelozee lore O0. 
UG 2eLGomli io kt domed] Oe LS, 
184, 187, 251, 254, 293, 320, 
330, 331, 383, 407, 496, 498, 
515. 
Synthesis of, 187. 


Acetonitrile, 101. 
Acetonuria, 144. 
Acetonylacetone, 252, 323, 549. 
Acetophenone, 423, 438. 
Acetothiénone, 550. 
Acetoxime, 133, 330. 
hydrochloride, 133. 
Acetyl-acetone, 252, 326. 
chloride, 116, 117, 118, 133, 247, 
251, 275, 319, 325, 345, 419, 
423, 544, 550. 
-coumarie acid, 471. 
-dibenzoylmethane, 329. 
-group, 107. 
-mesidine, 480. 
-phenetidine, 465. 
-toluidine, 403. 
Acetylene, 39, 155-159, 
187, 337, 383, 438. 
bromide, 163. 
-diearboxylic acid, 213, 214. 
Acid-albumins. See meta-proteins. 
anhydrides, 117, 205. 
azides, 126, 354, 355. 
chlorides, 116, 117, 124, 130. 
decomposition, 320, 321, 322. 
hydrazides, 126. 
-ureides. See ureides. 
Acids, CnH.nO,, 103-115, 127, 166, 
189, 190. 
CnHyn—,0,, 166-1 
CnHyn—,0,, 170-17 
CoHFOr Las: 
Acidylglycollic acid esters, 301. 
Aci-modifications, 399. 
Aconitie acid, 216. 
Acrolein, 164, 173, 174, 187, 188, 
261, 540, 551, 553. 
-acetal, 174. 
-ammonia, 173, 539. 
-aniline, 553. 
Acrose, 261. 
Acrylic acid, 164, 166, 167, 173, 295. 
Addition-reactions. 227. 


174, 181, 
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Adipie acid, 197, 490, 527. 
anhydride, 371. 
Adjacent compounds, 381. 
Adrenaline, 474. 
Agaricus muscarius, 317. 
Air-condenser, 21. 
eee ene 297, 311-313. 
d-, 299, 300. 
L-, 300° 
nitrile, 294. 
Albumin, 305, 310, 315, 558. 
Albuminates. See meta-proteins. 
Albuminoids. See sclero-proteins. 
Albumins, 303, 305, 306, 307, 308, 
309 


Albumose, 306. 
Alcohol. See ethyl alcohol. 
Alcoholates. See alkoxides. 
Alcoholic fermentation, 54, 266, 267, 
282-287, 298. 
Alcohols, Aromatic, 392, 395. 
Coie OH, 49-66, 78, 79, 81, 
83, 86, 116- iis, 126, 145. 
Higher, 66. 
Aldehyde. See acetaldehyde. 
-resin, 137, 138 
sulphite compounds, 131. 
Aldehydes, 127-143, 146, 155, 
181, 183-185, 196, 222, 
329, 369, 421-423. 
Thio-, 144. 
Aldehydo-acids, 318. 
-aleohols. See sugars. 
Aldimes, 422. 
Aldohexoses, 255, 257, 272. 
Aldol, 137, 138, 174, 267. 
Aldopentoses, 272. 
Aldoses, 255, 256. 
Aldoximes, 132, 133. 
Aliphatic compounds, 34, 35-367. 
Alizarin, 527, 531, 532. 
diacetate, 532. 
Alkali-albumins. See meta-proteins. 
Alkaloid-reagents, 563. 
Alkaloids, 285, 553, 562-570. 
Alkoxides, 49, 66, 67, 74, 79, 104, 145. 
Alkyl-anilines, 405. 
-groups, 37. 
halides, 69-72, 74, 79, 83, 84, 95, 
96, 145, lol, 162, 177. 
-hydrazines, 88. 
magnesium halides, 
119, 132, 334, 335. 
nitrites, 90. 
-nitrolie acids, 92. 
-sulphinie acids, 81. 
-sulphonie acids, 81. 
sulphonyl chlorides, 81. 


157. 
257) 


98, 99, 103, 


-sulphuric acids, 72, 73, 80, 147. 


-ureas, 351. 
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Alkylenes. See olefines. 
Allantoine, 359, 360. 
Allocinnamic acid, 439. 
Allotropy of carbon, 19. 
Alloxan, 358-360, 362. 
Alloxantine, 359. 
Allyl alcohol, 162, 163, 
173, 182, 186, 
-aniline, 553. 
bromide, 163, 181, 182. 


164, 165, 
187, 188, 193. 


chloride, 162, 163. 
iodide, 163, 165, 166, 168, 187, 
188. 


isothiocyanate, 343. 
magnesium bromide, 168. 
-pyridine, a-, 541. 
sulphide, 165. 

Allylene, 155, 156, 157. 

Aluminium acetate, 110, 450. 
acetyiacetone, 252. 
mellitate, 458. 

Amber, 203. 

Amic acids, 200. 

Amidines, 126. 

Amidol, 466. 

Amidoximes, 126. 

Amine hydrohalidies, 84. 

Amines, 82-90, 94, 133, 397, 400- 

408, 456. 

Amino-acetal, 317. 
-acetaldehyde, 317. 
-acetic acid. See glycine. 
-acids, 294-300, 311. 

IDE eile 

Dibasie mono-, 311, 313. 

Hydroxy-, 311. 

Monobasie mono-, 311. 
-alcohols, 194. 

-aldehydes, 317. 
-azo-dyes, 451. 

-benzene, 435, 436, 449-452. 
-barbiturie acid, 360. 
-benzenesulphonie acid, p-. 

sulphanilic acid. 
-benzoic acid, o-. 

acid. 

acids, 475, 485. 
-benzoylformie acid, o-, 557. 
-butyric acid, y-, 295. 

Lactam of 7-, 295. 
-caproic acid, ae-. See lysine. 
-chlorides, 125. 
~cinnamaldehyde, o-, 554. 
-cinnamie acid, 0-, 556. 
-glutaric acid, a-, 208, 308, 311, 313. 
-guanidine, 357. 
-iso- butylacetie acid. See leucine. 

-valerie acid, a-. See valine. 
-ketones, 317. : 

-mandelie acid, o-, 557. 


See 


See anthranilic 


INDEX. 


Amino-§-methylvaleric acid, a-. See 

isoleucine. 

-naphthalene, 478, 479. 

-naphthol, 1: 2-, 525. 

-nonoie acid, g.. 171. 

-phenol, o-, 465. 
p-, 403, 412, 445, 460, 462, 

6 


405. 

-phenols, 463, 466. 

-phenyl-acetic acid, 0-, 558. 
-arsonic acid, p-, 414. 
-hydroxylamine, p-, 447. 
-p-acetaminophenylamine, _p-, 

410. 

-propionic acid, a-. 

he >< 

-succinamie acid. See asparagine. 

-succinic acid. See aspartic acid. 

-thiophen, 551. 
hydrochloride, 550, 551. 

-valeric acid,/a-, Si. 

Ammonium carbamate, 354. 

cyanide, 337. 

formate, 337, 338. 

iso-cyanate, 350, 351. 
-thiocyanate, 356, 357. 

oxalate, 336. 

picrate, 464. 

succinate, 206. 

thiocyanate, 356, 357. 

Amyegdalin, 338, 422 

Amy] acetate, /so-, 118. 

aleohol, Normal, 51, 52, 
491, 526. 

alcohols, 51, 54, 61, 63, 73, 386. 

bromide, Normal primary, 71. 

chloride, Normal primary, 71. 

iodide, Normal primary, 71. 
Optically active, 63. 

isovalerate, zso-, 118. 

nitrite, 250, 429, 504. 

-sulphurie acids, 149. 

Amylene, Normal, 146. 

Amylenes, 147, 148, 149, 151. 

Amyloid, 291, 292. 

Analysis, Example of, 10, 11. 

Angelic acid, 166. 

Anhydro-bases, 465. 

-formaldehydeaniline, 402. 

Anilides, 401. 

Aniline, "257, 963, 292, 398, 402, 403, 
404, 405,408, 409, 411-416, 435. 
436, 445, 449, 460, 463, 484, 485, 
512-514, 527, 553, 554, 560. 

-blue, 514. 

-dyes. See coal-tar colours. 

hydrochloride, 404, 405, 429, 435, 
436, 514. 

nitrate, 429. 

-yellow, 451. 


See alanine. 


79, 145, 
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Animal fats, 34, 111. 


‘Anisanilide, 427. 


Anisole, 396. 
-sulphonie acid, 431. 
Anisyl-benzenediazonium cyanide, 
434. 
-phenyl-ketone, 426. 
-ketoxime, 427. 
ANSCHUTZ, 528. 
Anthracene, 518, 527-529, 532-533. 
-oil, 385, 518, 628, 533. 
Anthranilie acid, 466, 475, 481, 560. 
Anthranol, 531. 
Anthraquinone, 528, 529-531, 532. 
oxime, 530. 
-sulphonie acid, 531. 
Antifebrine. See acetoanilide. 
Antimony pentamethide, 96. 
Antipyrine, 552. 
Antisepties, 180, 394, 395, 467. 
Apricot-stones, 262. 
Arabinosazone, 263. 
Arabinose, 260, 262, 263, 
289, 37: 
-methylphenylhydrazone, 271. 
Arabitol, 190, 260, 263. 
Arabonie acid, 263. 
Arginine, 311, 313, 357. 
Argol, 236. 
ARMSTRONG, 378 
Aromatic compounds, 34, shes —570. 
Arsenobenzene, 414, 415._ 
Arsines, 95, 96. 
Arsinobenzene, 414, 415. 
Artificial camphor, 502. 
Asparagine,-243,285, 298. 
Aspartic acid, 298, 308, 313. 
Asperula odorata, 471. 
Asymmetric carbon atoms, 
299, 300. 
silicon atoms, 97. 
synthesis, 285-287. 
tin atoms, 97. 
Atoms, Law of the even number of, 


273, 274, 


63, 65, 


Atoxyl, 414. 

Atropa belladonna, 565. 

Atropine, 565. 

Azelaic acid, 170, 197. 

Azo-benzene, 409, 410, 412-415, 449, 
-dyes, 449-453, 460. 

Azoxy-benzene, 409, 412, 413. 
-phenetole, p-, 409. 

Azulminic acid, 337. 


B. 


Bacillus acidi levolactict, 245. 
BaDISCHE ANILIN- UND Sopa-FAsRIK, 
560. 
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BAbyEeR, von, 146, 154, 207, 214, 
261, 334, 376, 378, 379, 423, 
443, 493, 546, 554, 557. 

Balsam of Peru, 417. 

Tolu, 375, 417. 

BAMBERGER, 413. 

Barbituric acid, 360. 

Barium acetate, 169. 

amylsulphate, 73. 
earbide, 344. 
ethylsulphate, 72. 
stearate, 169. 
thiocyanate, 342. 
trithiocarbonate, 348. 

BAUMANN-ScHOTTEN reaction, 419. 

BAUMHAUER, VON, 56. 

BECKMANN, 133. 

-transformation, 133, 171, 341, 427. 

Beer, 55, 108. 

Behenolie acid, 220. 


Benzidine sulphate, 410. 
-transformation, 410, 509. 
Benzil, 516, 517. 
dioximes, 516, 517. 
Benzilie acid, 517. 
Benzine, 38. 
Benzoic acid, 29,296, 310, 375, 391, 
392, 395, 416-418, 419, 420, 
423, 438, 460, 461, 485, 491, 
493, 507, 514, 522, 530, 546. 
anhydride, 419. 
iminoether, 420. 
sulphinide, o-. 
Benzoin, 516, 545. 
Benzo-nitrile, 407, 416, 417, 420, 425, 
538. 
-o-sulphamide, 460, 461. 
-phenone, 423, 424, 508. 
-oxime, 425. 
-purpurins, 523, 524. 
BrILSTEIN’s test, 5. -quinone, 403, 443, 445, 446, 460, 
Benzal chloride, 421, 439, 441, 442, 483, 493, 510, 524, 525. 

509. dioxime, 446. 

Benzaldehyde, 338, 395, 412, 416, mono-oxime, 446, 462. 

419, 421-423, 488, 439, 442, 471, -trichloride, 416, 441, 442. 

493, 510, 516, 544, 545. Benzoyl-benzoie acid, o-, 529, 530. 
-ammonia, 422. chloride, 399, 417, 419, 424, 474. 
-sulphurous acid, 421. -formic acid, 286. 

Benzaldime hydrochloride, 422. -hydrogen peroxide, 423. 
Benzaldoximes, 425. -piperidine, 538. 
Benzamide, 417, 419, 420. -serine, 312. 
Benzanisile, 427. Benzpinacone, 424. 
Benzantialdoxime (a), 425, 427. Benzsynaldoxime (8 or iso), 425, 427. 
Benzene, 16, 30, 34, 98, 157, 310, 333, Benzyl alcohol, 392, 395, 416, 421, 
347, 368, 372, 374, 375-387, 390, 422. 
440-442, 445, 447, 449. 454, 459, -amine, 398, 407, 408. 


See saccharin. 


462, 484, 485, 490, 491, 493, 508, 
509, 519, 528, 529, 534, 539, 548— 
Sol 

Constitution of, 375-380. 

-diazohydroxide, 435. 

-diazonium chloride, 429, 431-433, 
435-437, 450, 451, 548, 551. 
hydroxide, 411, 430, 435. 
nitrate, 429. 
sulphate, 431. 

-sulphonie acid, 452, 460. 

-disulphonie acid, m-, 441, 459. 
p-, 441. 

hexabromide, 442. 

hexachloride, 442. 

Molecular weight of, 11. 

-sulphonie acid; 382, 431, 
503, 550. 

-sulphony! chloride, 396. 

-syndiazo-chloride, 433. 
-hydroxide, 430, 433. 


491, 


bromide, 391. 


chloride, 390-392, 395, 398, 407, 


420, 441, 508, 516. 

cyanide, 420. 

1odide, 392, 398. 
Benzylidenephenylhydroxylamine, 

412. 
BERNTHSEN, 511. 
BrRTHELOT, 2, 28, 35, 119, 261. 
BERZELIUS, 1. 
Betaine, 296, 297, 562. 
Betaines, 297. 
BEYERINCK, 284. 
Bimolecular reactions, 85, 122. 
Bioses. See dioses. 
Brot, 62. 
Bismarck-brown, 451, 452. 
Bismuthines, 96. 
Bismuth mercaptides, 79. 
Bismuthonium bases, 96. 
Bitter almonds, 338, 398. 


Benzhydrol, 424. 
Benzidine, 410, 507, 508, 528, 524. 
-diazonium chloride, 524. 


Biuret, 304, 352, 353. 
-reaction, 304, 306, 307, 310, 315, 
352. 


INDEX. 


Blasting gelatine, 191. 
BOESEKEN, 424. 
Boiling-point apparatus, EyKMAN’s, 
pelos 
Determination of, 31. 
Bonpt, 182. 
Borneo camphor. 
Borneol, 504, 506. 
Borny] fumarate, 286. 
pyroracemate, /-, 286. 
Brain-substance, 194. 
Bran, 262. 
Branched chains, 45. 
Brandy, 55. 
Brassidie acid, 170, 219, 221. 
Brassylic acid, 197. 
BRAUN, VON, 538. 
Brepie, 301. 
Brept, 505. 
Brisant effect, 191, 293, 344. 
Bromination-method of Victor 
Meyir, 181. 
Bromlauge, 102, 260, 353. 
Bromo-acetaldehyde, 260. 
-acetic acid, 218. 
-acetylidene, 163. 
-benzene, 11, 376, 382, 385, 404, 
405, 415, 417, 432, 484, 522. 
-sulphonie acids, 459, 476. 
-benzoic acid, o-, 466. 
p-, 481, 482. 
-benzophenone, 425. 
-butylene, 152. 
-erucic acid, 220. 
-ethylamine, 456. 
-fumarie acid, 212, 213. 
-isobutyrie acid, 168. 
-maleie acid, 212. 
anhydride, 213. 
-malonie acid, 230. 
-naphthalene, a-, 522. 
-propionie acid, a-, 227, 299, 300. 
-propylene, /-, 163. 
-succinic acid, 208. 
-thiophen, 549. 
-valeric acid, 300. 
Bromoform, 179. 
Brucine, 569. 
BRUHBL, 328. 
Bruyn, LoBRy DB, 66. 
Bucuner, Hpuarp, 282, 283. 
BUNSEN, 96, 353. 
Butane, 36, 37, 41, 42,46. | 
cyclo-. See tetramethylene. 
Boutierow, 151. 
Butter, 111. 
of antimony, 375. 
Butyl-acetylene, 155. 
alcohol, zso-, 51, 52, 60. 
Normal, 51, 52, 60. 


See borneol. 
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Butyl alcohol, Secondary, 51, 52, 60. 
-amine, n-, 87. 
cyclo-, 371. 
bromide, Normal primary, 71. 
bromopropionate, iso-, 228. 
-carbinol, 7so-, 51, 61, 73, 298. 
Secondary, 51, 61, 73, 298. 
Tertiary, 51. 
chloride, Normal primary, 71. 
-group, 37. 
iodide, tso-, 151. 
Normal primary, 71. 
secondary, 191. 
Tertiary, 151. 
Butylene, cyclo-, 371. 
tso-, 147, 151, 152. 
Normal, 146, 147. 
pseudo-, 218. 
Butyraldehyde, Normal, 128. 
Butyric acid, iso-, 110, 111, 222, 260, 
505. 
Normal, 105, 106, 110, 111, 115, 
137, 167, 168, 258, 267, 310. 
fermentation, 267. 
Butyrolactone, 224, 229. 
Butyryl chloride, Normal, 128. 
-group, 107. 


Cacodyl, 96. 
chloride, 96. 
oxide, 96. 
-test for acetates, 96, 110. 
Cadaverine. See pentamethylenedia- 
mine. 
Caffeine, 361, 362, 363-365, 562. 
Calcium acetate, 53, 108, 129, 143, 
si, AOR. 
acetylene. See calcium carbide. 
adipate, 371, 489. 
benzoate, 375, 423. 
carbamate, 354. 
carbide, 158, 159, 344. 
citrate, 246. 
cyanamide, 344. 
diphenate, 508. 
ethylsulphate, 72. 
glycollate, 224. 
-iso-butyrate, 111. 
-n-butyrate, 111. 
pimelate, 489. 
salicylate, Basic, 467. 
suberate, 372. 
tartrate, 236. 
Calculation of formule, 9-18. 
percentage-composition, 9-11. 
Calico-printing, 110, 247. 
Camphane, 502, 506. 
-group, 503. 
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Camphor, 503-506. 

-odour, 503. 

-quinone, 504. 

Synthesis of, 505. 

-sulphonie acid, d-, 407. 
Camphoric acids, 504, 505. 
Camphoronie acid, 505. 

Camphors, 372, 388, 489, 503-506. 
Cane-sugar. See sucrose. 
Caoutchoue, 159, 566. 


Caprice acid, 106, 148, 169, 322, 493. 


Caproic acid, 106, 111. 
Caprylic acid, 106. 
Caprylonitrile, 102. 
Caramel, 277. 
Carane, 501, 5(2. 
Carbamice acid, 354. 
chloride, 417. 
Carbamide. See urea. 
Carbazole, 528, 570. 
Carbinol. See methzl alcohol. 
Carbinols, 51, 52. 
Carbohydrates. See sugars. 
Carbolie acid. See phenol. 
oil, 385, 393, 518. 
Carbon chains, 45, 46. 
disulphide, 28, 35, 179, 348, 340, 
408, 528, 549. 
oxychloride. See carbonyl chlo- 
ride. 
oxysulphide, 342, 343, 349. 
suboxide, 203. 
tetra-bromide, 36, 177. 
-chloride, 36, 177, 179. 
Carbonie acid, 347. 
esters, 348. 
Carbonyl chloride, 178, 332, 347, 348, 
350, 406, 417, 424. 
-hemoglobin, 309. 
Carbostyril, 556. 
Carbylamines. See isonitriles. 
Carbylamine-test, 101, 102, 402. 
CaRtus, 8. 
Carone, 502. 
Carvacrol, soc, 505. 
Carvone, 500, 501. 
Carvoxime, 500. 
Casein, 305, 312, 313. 
Caseinogen, 305. 
Castor-seed, 112. 
Catalytic action of cobalt, 35. 
copper, 130. 
hydrogen ions, 301. 
iron, 39. 
mineral acids, 122, 136, 141, 142. 
nickel, 35, 39, 131, 148, 491. 
rhodium, 107, 108. 
Catechol, 442, 446, 467, 474, 532. 
CayYLey, 47. 
Cellulose, 291-293. 


Cetyl alcohol, 66. 
CHARDONNET, DE, 293. 
CHATTAWAY, 346. 
Chelidonie acid, 330-332. 
Chelidonium majus, 330. 
Chemical reduction-products, 411. 
Chemistry of silicon, 97. 
Cherry-gum, 262. 
CHEVREUL, 113. 
Chitine, 317. 
Chitonic acid, 317. 
Chitose, 317. 
Chloral, 57, 177, 219, 252-254. 
aleoholate, 253. 
hydrate, 252, 253, 318, 324. 
Chloro-acetic acids, 219. 
-acetone, 150, 156, 161. 
-acetyl chloride, 474. 
-catechol, 474. 
amylamine, ¢-, 537, 538. 
-aniline, m-, 482. 
p-, 434. 
-benzene, 382, 390, 302, 432, 433, 
522. 


syndiazocyanide, p-, 434. 
-benzoie acid, m-, 461, 462. 

o-, 461, 462, 466. 

p-, 416, 462. 
-benzonitrile, p-, 434. 
-benzophenone, 425. 
-a’-bromopropane, a-, 537. 
-butyric acid, @-, 218. 
-butyronitrile, 7-, 298. 
-caffeine, 364. 

-earbon, 441. 

-carbonie esters, 348. 
-ether, 192. 

-eth.-3, 192. 
-hexamethylene, 491. 
-methylene, 178. 
-naphthalene, a-, 522. 
-nitro-aniline, 482, 483. 

-benzene, p-, 482. 
-phenol, o0-, 461. 

p-, 461. 

-propionie acid, a-, 297. 
-propylene, a-, 161, 162. 

8-, 161, 162. 
-propylphenyl ether, 7-, 537. 
-pyridine, §-, 548. 
-succinie acid, 231. 

d-, 299. 

I-, 299. 

-toluene, o0-, 391. 


P-, ci 

Chloroform,16, 28, 57, 101, 177-179, 
219, 253, 254, 329, 338, 509, 
548, 558. 

Chloroformie esters. See chlorocare 
bonic esters. 
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Chlorophyll, 546. 

-grains, 286. 
Chloropicrin, 356. 
Choline, 194, 195, 562. 
Chondrin, 305, 307, 308. 
Chondroitinsulphurie acid, 308. 
Chondrosin, 308. ~ 
Chromophores, 450. 
Chromoproteins, 306, 309. 
Chrysoidine, 451. 
Cinchomeronic acid, 557. 
Cinchonine, 568. 

malate, 231. 

mandelates, 471. 

d-tartrate, 244. 

I-tartrate, 244. 
Cineol, 497. 
Cinnamaldehyde, 438. 
Cinnamic acid, 438, 439. 

Allo-, 439. 
iso-, 439. 

Cinnamy! alcohol, 438. 
Citral. See geranial. 
Citrie acid, 246, 247, 279, 564. 
Citromyces glaber, 246. 

pfefferianus, 246. 
CLAISEN, 250, 251, 320, 327, 329. 
Classification of organic compounds, 


Clupeine, 313. 
Coagulated proteins, 306. 
Coagulation, 303, 304. 
Coal, 155. 
-gas, 35, 145, 155, 158, 159, 384, 
387, 518. 
-mine-explosions, 36. 
-tar. See tar. 
colours, 384, 404. 
Cocaine, 566. 
Cocoa, 362. 
Codeine, 567. 
methyliodide derivative, 567. 
Coefficient of distribution, 29. 
Coffee, 362. 
Cognac, 55. 
Coke, 384. 
Collagens, 307, 308. 
Collidine, 539, 540. 
Collidines, 539, 540. 
CoLuin, 333. 
Collodion, 293. 
Colloids, 303, 315. 
Colophonium, 457. 
Colour-bases, 511, 512. 
Combustion-furnace, 5. 
of peat, 139. 
wood, 139. 
Combustions, 5-7. 
Compound ethers. 
Condensation, 138. 


See esters. 
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Condensed rings, 369, 518. 

Confectionery, 266. 

Conglomerate, 245. 

Congo-dyes, 523, 524. 
-red, 523, 524. 

Coniine, 541, 562, 564. 


iso-, 541 
Conium maculatum, 564. 
Conjugated proteins, 306, 308, 


309. 
linking, 380. 
system, 160. 

Constitutional formula, 44, 51. 

Constitution of alcohols, 

CnHjn+,-OH, 49-51. 

Contact-difference of potential, 367, 

411, 412. 

Copper acetylacetone, 252. 
acetylene, 156, 158. 
disodium tartrate, 237. 
mercaptides, 79. 

-oxide test, 4. 
-zine couple, 148. 

Coral, 308. 

Cornein, 308. 

Cotarnine, 568. 

Cotton, 291. 

-wool, 293. 

Coumarie acid, 471. 

Coumarin, 471. 

Coumarinie acid, 471. 

CraFts, 385, 386, 424. 

Cream of tartar, 236. 

Creosote-oil, 385, 393, 518. 

Cresol, m-, 495. 

o-, 500. 
p-, 395. 

Cresols, 310, 393, 395. 

Croconic acid, 447. 

Crotonaldehyde, 138, 172, 174. 
-ammonia, 539. 

Crotonic acid, 166, 167, 168, 170, 

171, 174, 208, 210, 218, 223, 

iso-, 168. 

Solid. See crotonic acid. 

Cryoscopie methods, 14-17, 315. 
solvents, 14, 15, 16, 19, 387. 

Crystalloids, 303. 

Crystal-violet, 512. 

Cumene, 387. 

Cuprie cyanide, 336. 
phenylpropiolate, 438. 
xanthate, 349. 

Cuprous cyanide, 336. 

Curarine, 569, 570. 

Current-density, 205. 

Curtius, 300. 

Cyamelide, 340, 346, 350 

Cyanamide, 311, 343, 


DOU: 


"352, 356, 
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Cyanic acid, 339, 340, 341, 342. 
1so-, 340, 350, 351. 
esters, 341. 
iso-, 341, 849, 351, 354. 
Cyanides, 336, 337, 338, 339. 
Cyano-acetic acid, 200. 
-benzoie acid, o-, 457. 
-hydrin-synthesis, 132, 222, 225, 
246, 261-263, 268, 271, 274, 
285, 286, 322. 
-propane, a-, 182. 
-quinolines, 556. 
-urea, 353. 
Cyanogen, 198, 336, 337. 
chloride, 340, 341. 
derivatives, 336-346. 
Cyanurie acid, 339, 340, 345, 346, 
350, 352, 353. 
Insoluble. See cyamelide. 
iso-, 345, 346. 
bromide, 345. 
chloride, 341, 345, 346. 
esters, 345, 346. 
is0-, 341, 345, 346. 
Cyclic compounds, 252, 368. 
hydrocarbons, 373. 
Cymene, 375, 387, 388, 420, 493, 
494, 501, 506. 
m-, 502. 
p-. See cymene. 
Cysteine, 312. 
Cystine, 312, 313. 


D? 


Datura stramonium, 565. 
Davy, J., 347. 


Decamethylenedicarboxylie acid, 197. 


Decane, 41. 
Definition of organic chemistry, 1. 
Deriman, 182. 
Denaturation of albumins, 303. 
ethyl alcohol, 53, 57. 
Deoxy-caffeine, 365. 
-compounds, 365. 
Depressimeter, Eykman’s, 16, 17. 
Depression of the freezing-point, 14— 
ilo 


Molecular, 15, 16. 

Detection of carbon, 2, 4. 

carbonyl-group, 134. 

halogens, 4, 5. 

hydrogen, 3, 4. 

nitrogen, 4. 

oxygen, 5. 

phosphorus, 3, 4. 

sulphur, 3-5. 
Determination of boiling-point, 31. 

melting-point, 31. 

molecular weight, 11-18. 


INDEX. 


Deteri ination of specific gravity, 32. 
vapour-density, 12, 13. 

Developers, 199, 443, 465, 466. 

Dextrin, 288, 290, 291. 

Dextrins, 288. 

Dextrose, 53, 54, 225, 246, 264-267, 
268-270, 274-278, 281, 284, 285, 
286-288, 338, 466, 531, 560. 

a, 265, 266. 
§-, 265, 266. 
e-, 265, 266. 

Diabetes mellitus, 144, 264. 

Diacetoneamine, 143. 

Diacetyl, 250, 319. 

Diacetylenedicarboxylic acid, 215. 

Dialdehydes, 248, 249. 

Dialkyl-phosphines, 94. 

-phosphinie acids, 95. 

Diallyl, 249. 

Diamines, 193, 194, 207. 

Diamino-azobenzene. See chrysoidine. 

-phenol, 1:2:4-, 466. 
-stilbene, p-, 516. 
-trinydroxydodecanie acid, 312. 

Diamylene, 149. 

Dianthracene, 528. 

Diastase, 54, 275, 288. 

Diatoms, 39. 

Diazo-acetie ester. 
acetate. 

-aminobenzene, 435, 436. 
-benzenesulphonie acid, p-, 431. 
-compounds, 300, 301, 428-436. 
" anti-, 428, 433. 
syn-, 428, 433. 
-hydrates, anti-. 
droxides, anti-. 

Diazonium compounds, 393, 402, 408, 
428-436. 

Diazotates, 
anti-. 

Diazoxides, anti-, 434. 

Dibasie acids, 196-215, 230-2438, 453- 
458. 

Dibenzalketohexamethylene, 493. 

Dibenzhydroxamie acid, 399. 

Dibenzyl, 516. 

-amine, 407. 
Dibromo-acetic acid, 318. 
-benzene, m-, 376, 441, 481. 
o-, 376, 378. 
p-, 376. 
-brassidic acid, 220, 221. 
-butyrie acid, 171. 
-erucic acid, 219, 220. 
-menthane, 499. 
-menthone, 495. 
-nitroethane, 92. 
-propane, aa’-. 
bromide. 


See ethyl diazo- 


See diazohy- 


anti-. See diazoxides, 


See trimethylene 


INDEX. 


Dibromo-propane, «-, 182. 
-pyridine, 568. 
-succinic acid, 211, 212, 231. 
1s0-, 211, 212, 213. 
-thiophen, 549. 
Dicarbonyl-bond, 277. 
Dichloro-acetal, 253. 
-acetic acid, 218, 219. 
-acetone, 246, 254. 
-benzene, m-, 441. 
-hydrin, Symmetrical, 246. 
-isoquinoline, 556. 
Didiphenylene-ethylene, 509. 
Diethoxy-8-chloropurine, 2:6-, 364. 
Diethyl bromosuccinate, 496. 
-earbinol, 51. 
carbonate, 347, 350, 354. 
diacetylsuccinate, 323. 
dibromomalonate, 323. 
dihydrocollidinedicarboxylate, 540. 
disodiomalonate, 201, 216, 370. 
disulphide, 80. 
ether. See ether. 
-ketone, 130. 
malate, 231. 
malonate, 201-202, 443. 
monosodiomalonate, 201, 203, 215, 
216, 298, 325, 443, 457, 537. 
oxalate, 200, 331. 
phloroglucinoldicarboxylate, 444. 
succinate, 204, 490. 
succinylsuccinate, 490. 
sulphate, 72, 73. 


-sulphonedimethylmethane. See 
sulphonal. 

tetramethylenedicarboxylate, 370, 
371. 


xanthochelidonate, 332. 

Dihydric aleohols. See glycols. 
phenols, 442, 443. : 
Dihydro-cinnamic acid o-carboxylic 

acid, 526. 
naphthalene. 
hydride. 
-pyrrole, 548. 
Dihydroxy-acetone. 
-acids, 467, 468. 
-anthraquinone. 
-azobenzenesulphonic 
resorcin-yellow. 
-benzene, m-. See resorcinol. 
o-. See catechol. 
p-. See quinol. 
-fluoran. See /lworescein. 
-naphthalene, 2:6, 525. 
phenanthrene, 567, 568. 
Di-iodopurine, 363. 
Diisopropyl, 45, 48. 
Diketo-hexamethylene, p-, 490, 492. 
piperazine. See glycine anhydride. 


See naphthalene di- 


Seo glycerose. 


See alizarin. 
acid. See 
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Diketones, 249-252. 
Dimethoxyphenanthrene. 
methylmor phol. 
Dimethyl-acetylene, 157. 
-allene, 159, 160. 
-alloxan, 362. 
-amine, 84, 87, 139, 406. 
-aminoazobenzene, 436, 450. 
-sulphonie acid. See helianthine. 
-aniline, 405-407, 423, 436, 450, 
510, 514. 
hydrochloride, 452. 
0-0-, 487. 
oxide, 407. 
-arsinic acid, 95. 
-benzenes. See xylenes. 
-diethylmercaptole, 144. 
-ethylearbinol, 51, 159. 
-ethylene, Symmetrical, 146. 
Unsymmetrical, 146. 
-ketone, 129, 130. 
-morphol, 535, 567. 
oxalate, 200. 


See di- 


-phenylpyrazolone. See antipy- 
rine. 

-phosphinie acid, 95. 

-pyridines. See lutidines. 


-pyrone, 332-334. 
hydrochloride, 333. 
picrate, 333. 

sulphate, 73, 87. 


-thiophen. See thioxen. 
Dinaphthol, a-, 523. 
B-, 523. 


Dinitriles, 196. 
Dinitro-benzene, m-, 441, 447, 448, 


483-485. 
0-, 448, 485. 
p-, 448, 485. 


-cellulose, 292, 293. 
-compounds, 193, 447, 448. 
-diphenyldiacetylene, o-, 559. 
-ethane, 399, 400. 
aci-, 400. 
-a-naphthol, 524. 
-sulphonie acid, 524. 
-phenol, 2:6-, 448. 
-stilbene, p-, 516. 
-thiophen, 551. 
-toluene, 1:2:4-, 487. 
0-0-, 487. 
Dioses, 255, 262, 274-287. 
Dioxindole, 557, 558. 
Diozonides, 249. 
Dipentene, 498, 500. 
tetrabromide, 500. 
Dipeptides, 314, 315. 
Diphenie acid, 508, 509, 533. 
Diphenyl, 385, 410, 415, 432, 507, 
508, 533, 534. 
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Diphenyl-amine, 401, 404, 405, 410, 
514. 


-ethane, Symmetrical. See di- 
benzyl. 
Unsymmetrical, 508. 
-ethylene, Symmetrical. See stil- 


bene. 

-methane, 508. 

-thiourea, 408. 

-urea, Symmetrical, 408. 
Diphenyleneketone, 508, 509. 
Dippel’s oil, 536, 546. 
Dipropyl, 44, 45. 

Distearin, 189. 

Distillation, 21-28. 
-apparatus, 21-24, 26, 27. 
-flask, 21. 
of wood, 53. 

Divi-divi, 468. 

Dodeca-hydronaphthalene, 525. 
-methylenedicarboxylic acid, 197. 

Dodecane, 37, 41. 

Dodecyl-group, 37. 

Dorp, VAN, 341, 457, 475, 556. 

Double bonds, 152-154. 

Drewsen, 554. 

Dry-cleaning process, 38. 

Dulcitol, 191, 271. 

Dumas, 2, 7. 

Dutch liquid, 182. 

Duty on alcohol, 57, 58. 

Dynamite, 191. 


E. 


Earth-wax, 39. 

Ebullioscopic methods, 14, 16-18. 
solvents, 16. 

Ecgonine, 566. 

Egg-albumin, 305. 
-yolk, 194. 

EHRLICH, 298. 

Hicosane, 41. 

Elaidie acid, 170, 171. 
transformation, 170. 

Elastin, 305, 307, 308, 313. 

Electrolytic dissociation, 114, 115. 
methods, 364-367, 410-413. 
reduction-products, 411. 

Electro-magnetic rotation, 328, 329. 
-synthesis of acids, 204, 205. 

Elements in carbon compounds, 3. 

Elevation of the boiling-point, 14, 

16-18. 

Emulsin, 338. 

Enantiomorphism, 244, 245. 

Enantiotropy, 425. 

ENGLER, 39. 

Enolie form, 325-329. 

Ensilage, 225. 
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Enzymes, 54, 245, 267, 275, 282-285. 
Eosin, 455. 
Epichlorohydrin, 193. 
Equilibrium, 119. 
Errors in carbon-estimations, 9. 
hydrogen-estimations, 9. 
Erucie acid, 166, 170, 219, 220. 
Erythritol, 191. 
Erythroxylon coca, 566. 
Esterification, 118. 
Ester-method, FiscHer’s, 311, 312. 
Esters, 68-73, 90, 117-123, 124. 
Estimation of carbon, 5-7, 9-11. 
halogens, 8, 9. 
hydrogen, 5-7, 9-11. 


ions, 301. 
nitrogen, 7, 8, 10, 11. 
oxygen, 9-11. 


phosphorus, 8. 
sulphur, 8. 
Ethane, 36, 37, 41-48, 94, 98, 148, 
158, 181, 205. 
-tricarboxylic acid, 203. 
Ethenylaminophenol, 465. 
Ether, 16, 28-30, 73, 74-76, 98, 148, 
178, 192, 335. 
Chloro-, 192. 
-synthesis, WILLIAMSON’s, 74. 


Ethers, 69, 74-77, 78, 79-81, 145, 
396. ; 
Chloro-, 192. 
Ethyl acetate, 105, 117, 118, 119- 
122, 124, 251) 293; 320. 
acetoacetate, 320-323, 324-327, 
540, 552. 


-acetylene, 155. 

d-alanine, 300. 

alcohol, 16, 30, 49-51, 52-58, 67, 
69, 72, 74-76, 79, 90, 91, 198, 


117-120, 122, 135, 140, 148, 
177-180, 185, 186, 192, 202 
248, 252, 264, 266, 267, 275 


298, 318; 320; 323, 326,344 

420, 431, 448, 495. 

Test for. See zodojorm-test. 
-amine, 87, 100, 101, 194, 408, 420. 
-benzene, 385, 387, 391. 
benzoate, 417, 419. 
bromide, 69-71, 73, 385. 
n-butylacetoacetate, 322. 
butyrate, 118, 205. 

-carbylamine, 100, 101. 

chloride, 71, 178, 181. 

chloro-carbonate, 215, 324, 325, 
347, 354, 408, 417. 

-oxalate, 421. 
collidinedicarboxylate, 540. 
copper-acetoacetate, 332. 
cyanide, 100, 101. 
y-cyanopropylmalonate, 298. 
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Ethyl cyanurate, 341. 
diazoacetate, 300, 301, 372. 
di-iodoacetate, 301. 
ether. See ether. 
formate, 327, 328, 515. 
formylphenylacetate, 327, 328. 
fumarate, 216, 301. 
glycollate, 223, 300. 

-glycollic acid, 222, 223. 
-group, 37. 


hydrogen sulphate. See ethyl- 
sulphuric acid. 
iodide, 49, 63, 71, 72, 74, 81, 85, 


90, 95, 105, 396. 
-isobutyl, 48. 
magnesium bromide, 99. 
maleate, 213. 
-mercaptan, 144. 
mesoxalate, 323. 
methanetr carboxylate, 215. 
methyl-acetoacetate, 324. 
-n-butylacetoacetate, 322 
monochloroacetate, 203, 216, 301, 
B28, 
nitrate, 72. 
nitrite, 90. 
-nitrolic acid, 92. 
n-octylacetoacetate, 322. 
orthoformate, 178. 
phenylacetate, 327, 328. 
phosphate, Normal, 72. 
potassium malonate, 204. 
succinate, 205. 
pseudophenylacetate, 372. 
-pyridine, a-, 565. 
B-, 569. 


sodioacetoacetate, 324— 


320-323, 
sulphate, 72, 73. 
sulphide, 80, 335. 
-sulphonie acid, 81. 
-sulphuric acid, 72, 73, 75, 148, 389. 
Ethylene, 88, 146, 147, 148, 150, 181, 
182, 184. 
-bromohydrin, 456. 
bromide, 148, 150, 155, 161, 164, 
182, 203, 370, 456. 
chloride, 150, 181, 182, 185, Se 
eyanide, 203. 
-diamine, 194. 
oxide, 185, 186, 194, 207, 544. 
Ethylidene chloride, 130, 150, 156. 
Eugenol, 473. 
iso-, 473. 
Extraction with solvents, 28-30. 
EyYKMAN, 15-17. 


E; 
Feces, 558. 
Farapbay, 387. 
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FARBWERKE VORMALS MeEIsTER, Lu- 
CIUS UND Briinine, 474. 

Bats, 2) oOm rir x12, 169, 189, 190, 
302, 566. 

Fatty acids, 103-105, 106, 107-115. 


compounds. See aliphatic -com- 
pounds. 

FEHLING’s solution, 237, 238, 256, 
308, 437. 


Fermentation, 54, 282-285. 
butyric acid. See butyric acid, 
Normal. 
Ferric acetate, 110, 262. 
Basic, 110. 
thiocyanate, 342. 

Fibrin, 305. : 

Fibrinogen, 305. 

Fibroin, 308, 313, 315. 

Filtering-flask, 30. 

Filtration, 30. 

Fire-damp, 35, 36. 

Fiscuer, Emin, 232, 270, 275, 277, - 
284, 285, 299, 300, 311-315, 317, 
361, 363, 364, 456. 

Firtic, 224, 385, 390. 

Frrria’s synthesis, 385, 390, 522, 549. 

Flash-point, 38. 
apparatus of ABEL, 38. 

Flax, 292. 

Fluoran, 455. 

Fluorene, 508, 509. 

Fluorescein, 455, 456. 

Force, Vital, 1. 

Formaldehyde, 53, 88, 129, 138-140, 
261, 286, 402. 

Formaldoxime, 140. 

Formalin. See formaldehyde. 

Formamide, 125. 

Formates, 107. 

Formic acid, 100, 106-108, 110, 115, 
140, 143, 174, 178, 188, 189, 198, 
253, 267, 339, 345, 387. 

Formonitrile. See hydrecyanic acid. 

Formose, 261. 

Formule, Calculation of, 9-18. 

Formyl chloride, 421. 

-group, 107. 
Fortified wines, 55. 
Fractional crystallization, 30. 
distillation, 22-26. 
curves, 25. 
Fractionating-apparatus, 21. 
-columns, 23, 24, 54. 
FRANCHIMONT, 351. 
FRIEDEL, 187, 385, 386, 424. 


and Craft’s synthesis, 385, 386, 
522, 550. 
Fructosazone, d-. See d-glucosazone. 
Fructose, d-. See levulose. 


Fruit-essences, 118. 
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Fruit-sugar. See levulose. 
Fulminating mercury, 344. 
Fulminic acid, 344, 345. 
Fulvene, 374. 


Fumaric acid, 208-213, 216, 231, 241, 


242, 471. 
Furan, 369, 543, 544. 
Furfural. See furfuraldehyde. 
Furfuraldehyde, 263, 264, 544, 545. 
Furfuramide, 545. 


Furfuran. See furan. 
Furfuroin, 545. 
Furfurole. See furfuraldehyde. 


Furfuryl aleohol, 545. 
FGrruw, von, 305. 


Fusel-oil, 558 57, 59, 61, 73, 148, 298. 


G. 


GABRIEL, 456, 537. 
_Galactonie acid, d-, 271. 


Galactose, d-, 2'71, 275, 276, 284, 287. 


Gallic acid, 443, 468, 469. 
Gall-nuts, 468, 469. 
-stones, 312. 
Gas, Coal-, 35, 
384, 387, 518. 
Gas-manufacture, 384. 
Gastric juice, 310. 
GATTERMANN, 432, 473. 
Gaultheria procumbens, 466. 


Gelatin, 140, 305, 307, 308, 313, 469. 


Gelatose, 306. 

Geranial, 174, 175. 

Geranic acid, 174. 
Geraniol, 174, 495, 497. 
GERHARDT, 2. 

Germanium alkides, 96. 
German process for vinegar, 108. 
GERNEZ, 62 

Gin, 55. 

Glacial acetie acid, 30, 109. 
Gliadin, 305. 

Gliadins, 305. 

Globin, 309. 

Globulins, 305, 306, 307. 
Globulose, 306. 


Gluconie acid, d-, 265, 269, 275, 276. 


Gluco-proteins, 305, 306, 309. 
Glucosamie acid, d-, 317. 
Glucosamine, 317. 

hydrochloride, 317. 
Glucosazone, d-, 265, 268, 269, 271. 
Glucose, d-. See dextrose. 

1, 264. 

iB 264, 284. 


Glucosides, 277, 278, 338, 466, 469, 


531, 559. 
Artificial, 277, 278. 


145, 155, 158, 159, 


Glucosone, d-, 269. 

Glue, 296. 

Glutamie acid. See 

acid, a-. 

Glutamine, 298. 

Glutarie acid, 197, 205, 263, 371. 
anhydride, 205. 

Glutelins, 305. 

Glyceraldehyde, 261, 270. 

Glyceric acid, 186, 319. 

Glycerol, 54, 111-113, 173, 186-190, 

192, 193, 260, 266, 419, 553. 
-dichlorohydrin, 193. 

Glycerophosphorie acid, 194, 195. 

Glycerosazone, 260. 

Glycerose, 260. 

Glyceryl diacetate, 139. 
monoformate. See monoformin. 
tri-benzoate, 419. 

-nitrate. See nitroglycerine. 

Glycine, 222, 294, 295, 296, 297, 308, 

S1ITS13, S14 3a: 
anhydride, 314. 
Copper salt of, 296. 
ethyl ester, 300, 314. 
hydrochloride ethyl] ester, 296. 

Glycocoll. See glycine. 

Glycogen, 291. 

Glycol, 163, 184, 185, 186. 
-chlorohydrin, 147, 185. 
diacetate, 190. 
diethyl ether, 185. 
monoethyl ether, 185. 

Glycollaldehyde, 260, 311. 

Glyeollic acid, 222, 223, 224, 2380, 

248, 267, 318. 

Glycollide, 224023508 

Glycols, 183-186, 196, 206. 

Glycyl-alanine, 315. 

-glycine, 313, 314. 

Glyoxal, 231, 248, 249, 318. 

Glyoxylic acid, 301, 318, 324, 359. 

GOLDSCHMIDT, "436. 

GoMBERG, 515. 

Gout, 361. 

Grapes, 264. 

Grape-sugar. See dextrose. 

Graphic method, EyKman’s, 15. 

GRIEsS, 428. 

GRIGNARD, 98, 99, 

334. 

Guaiacol, 442. 
Guanidine, 356, 357. 
thiocyanate, 356, 357. 

Guanine, 309, 361. 

Guanylie acid, 306. 

Gum-arabic, 262. 
-benzoin, 375, 417. 
Cherry-, 262. 

Guncotton, 191, 293, 344. 


aminoglutaric 


103, 119, 132, 
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HaBeEr, 413, 447. 
Hematin, 309. 
hydrochloride, 309. 
Hemin, 309. 
Hemoglobin, 306, 309, 313, 316. 
Hemoglobins. See chromo-proteins. 
Halogen-benzoie acids, 461, 462. 
-carriers, 391. 
derivatives of methane, 177-180. 
homologues, 180-182. 
-hydrins, 193. 
-phenols, 461. 
-substituted acids, 217-221. 
-sulphonie acids, 459. 
Hamsuy, 350. 
Hantzscu, 353, 399, 428, 430, 433, 
434, 512, 540. 
Hard water, 114. 
Harriss, 249. 
Heating substances, 20, 21. 
Heavy oil, 385. 
Helianthine, 452, 460. 
Hempe.t, Fractionating-column of, 
2. 
Heneicosane, 41. 
Hentriacontane, 37, 41. 
Heptane, 41, 63. 
Heptonie acids, 262. 
Heptoses, 255, 262, 271. 
Heptyl1 alcohol, Normal, 52. 
Heptylic acid, 106, 322. 
Herring-brine, 87. 
Heterocyclic compounds, 369, 
52. 
Hexa-chloroethane, 181, 182. 
-contane, 36, 41. 
-decane, 41. 
-hydrie alcohols, 256, 258, 259, 269. 
-hydro-benzoic acid, 491, 493. 
-cymene. See menthane. 
-phenol, 491, 493. 
-hydroxybenzene, 445, 447. 
-methylbenzene, 157. 
-methylene, 368, 372, 
489-491, 492. 
derivatives, 372, 489-493. 
-tetramine, 139. 
-methyltriaminotriphenylmethane. 
See erystal-violet. 
-phenylethane, 515. 
Hexane, 36, 41, 44, 45, 47, 48, 85. 
cyclo-. See hexamethylene. 
Hexodioses, 255, 274. 
Hexonic acids, 256, 268-270. 
Hexoses, 255, 257-259, 262, 263, 264- 
274, 283, 288, 323, 492. 
Hexotrioses, 255, 287. 
Hexyl alcohol, Normal, 52. 


536- 


376, 444, 
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Hexyl iodide, Normal secondary, 258. 

-methylamine, cyclo-, 373. 
Hexylene, 146. 

Higher alcohols, CnH.n+,-OH, 66. 
Hippuric acid, 296, 417. 

Histidin, 312, 313. 

Histones, 305. 

Horr, vANn’T, 16, 63, 65, 243. 
Hormanwy, 83, 87. ‘ 
Homocyclic compounds, 369, 536. 
Homologous series, 40. 

Homo- phthalic acid, 556. 

-phthalimide, 556. 
Honey, 267. 

-stone, 458. 
HoocEwerrr, 341, 457, 
Hops, 55. 

Howarp, 344. 

Humic substances, 271. 

Hydrazines, 405, 436, 437. 

Hydrazinoacetie acid, 301. 

Hydrazo-benzene, 409, 410, 412, 413, 
507. 

-benzoie acid, m-, 508. 
Hydrazones, 134, 256, 257. 
Hydro-aromatie compounds, 

383, 489-406. 

-benzamide, 422, 438, 545. 

-benzoin, 516. 

-carbons, CnHon, 145-154, 161. 
CoH ciaso4s: 

CnH.n—., 154-160, 162. 

-cinnamide, 438. 

-cyanic acid, 222, 226, 257, 283, 
Psa rol mows Sie be. eersh, Gri) 
343, 422, 471, 472. 

-cyclie compounds. 
aromatic compounds. 

-ferrocyanic acid, 334. 

-naphtbalenedicarboxylic acid, 519. 

-phthalic acids, 493. 

-quinone. See quinol. 
Hydrolysis, 102. 

Hydrolytie dissociation, 113. 

Hydroxamie acids, 93. 

Hydroxy-acetic acid. See glycollic 
acid. 

-acids, Dibasic, 230-246. 

Monobasic, 221-230. 

-aldehydes, 472, 473. 

-azo-benzene, 0-, 409. 

p-, 409, 436, 450. 
-dyes, 451. 
-benzaldehyde, p-, 473. 
-benzoie acid, m-, 467. 
o-. See salicylic acid. 
p-, 467, 481. 
-butyrie acid, a-, 137. 
B-, 166, 223 
r-, 224, 229. 


475, 556. 


372, 


See hydro- 
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Hydroxy-cinnamic acid, o-, 471. 
-cymene, p-. See thymol. 
-ethyl-amine, 456. 
-dimethylamine, 567. 
-isobutyric acid, a-, 222. 
-methylbenzoje ‘acid, 454, 470. 
-phenylpropionic acid, p-, 470, 471. 
-proline, 312. 
-propionie acid, a-. 
acid. 

B-, 223, 224. 
-propylene, /-, 163. 
-quinoline, 2-. See carbostyril. 
-quinolines, 556, 556. 

-stearic acid, 170. 
-succinic acid. See malic acid. 
-tetrahydropyrrolecarboxylie acid. 
See hydroxyproline. 
-toluenes. See cresols. 
Hypnone, 421. 
Hypoxanthine, 309, 361. 


See lactic 


ile 


Imino-chlorides, 125. 
-ethers, 125, 126. 
Immiscible liquids, Separation of, 28— 


30. 
India-rubber, 348. 
Indican, 559. 
Indigo, 402, 423, 453, 463, 475, 553, 
557, 5590- 561. 
-brown, 560. 
-sulphonie acids, 423, 560. 
-vat-dyeing, 560. 
-white, 561. 
Indigofera lepostycha, 559. 
tinctoria, 559. 
Indiglucin, 560. 
Indigotin, 560. 
Indirubin, 560. 
Indole, 553, 557, 558, 570. 
-aldehyde, B-, 558. 
Indolylbenzoylaminoacrylic acid,558. 
Indophenin-reaction, 548. 
Indoxyl, 560, 561. 
Industrial we 58. 
Infusorial earth. See kieselguhr. 
Ink, 468. 
Inoculation, 243. 
Inositol, 492, 493. | 
hexa-acetate, 493. 
Introduction, 1-34. 
Inulin, 267. 
Inversion, 264, 277, 281, 282. 
Invertase, 283, 284. 
Invert-sugar, 225, 264, 267, 277, 281. 
Todal, 179. 
Todo-acetie acid, 218. 
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Iodo-benzene, 392, 507. 
dichloride, 392. 

-butane, a-, 182. 

-phenol, 461. 

-propionic acid, §-, 167, 218, 295. 

Todoform, 57, 58, 179, 180. 

-test, 180. 

Todosobenzene, 392. 
Todoxybenzene, 392. 
Ionization-constant, 114. 
Tonone, 175, 176. 

Iron, as a eryoscopic solvent, 19. 

Catalytic action of, 39. 

Irone, 176. 
Isatin, 557, 559. 

chloride, 559. 

Iso-amy] acetate, 118. 
isovalerate, 118. 

-butyl alcohol, 51, 52, 60. 
bromopropionate, 228. 
-carbinol, 51, 61, 73, 298. 
iodide, 151. 

-butylene, 147, 151, 152. 

-butyric acid, 110, 111, 222, 

OS. 

-camphorie acids, 504. 

-cinnamic acids, 439. 

-crotonie acid, 168. 

-cyanic acid, 340, 350, 351. 
esters, 341, 349, 351, 354. 

-cyanuric acid, 345, 346. 
esters, 341, 345, 346. 

-dibromosuccinie acid; 214, 5212, 

213; 

-eugenol, 473. 

- -lactose, 275. 

-leucine, 297, 298. 

-maltose, 288. 

-nicotinic acid, 542. 

-nitriles, ro0o-102, 178, 179. | 

-nitroso-camphor, 504. 

-ketones, 250. 

-phenylacetic acid, 372. 

-phthalie acid, 457, 458, 481. 


260, 


-propy! aleohol, 5k. 58, 59, 144, 
184, 187. 
-amine, 83, 85. 
-benzene. See cumene. 


-earbinol. See isobutyl alcohol. 
iodide, 44, 45, 110, 150, 151, 187, 
188, 189. 
-purone, 365. 
-quinoline, 553, 556, 557, 562, 568. 
sulphate, 55 6. 
-saccharic acid, 317. 
-thioeyanie esters, 342, 343, 349. 
-urea, 352. 
-valeraldehydeammonia, 297. 
Isomeric compounds, Physical prop- 
erties of, 48. 


INDEX. 


Isomerides, 42. 
Number of poe, 46, 47. 
Isomerism, 3, 4 
of the Aichi ChHees ss OH, 51852: 
amines, 83. 
ethers, hie 
paraffins, 42-48. 
Optical, spacial, or stereochemical. 
See stereoisomerism. 
Isoprene, 159. 


J. 


Japan camphor. See camphor. 


JuLins, 441. 
1G 
Kalkstickstoff. See lime-nitrogen. 
KEKULE, 375, 379, 380. 
Kephir-granules, 275. 
Keratin, 305, 307, 313. 
Keto-alcohols. See sugars. 
-aldehydes, 250. 
-hexamethylene, 489, 490, 493. 
-hexoses, 255. 
-pentamethylene 371, 372, 489. 
-stearic acid, 171 


Ketone decomposition, 320; 321, 322. 


Ketones, 59, 127-134, 143, 144, 152, 
155, 157, 181, 184, 192, 222, 329, 
423, 424. 

isonitroso-, 250. 

Mixed, 130. 

Thio-, 144. 

Unsaturated, 175, 176. 
Ketonic acids, 319-329. 

form, 325-329. 

Ketoses, 255, 256. 

Ketoximes, 132. 

Kieselguhr, 191. 

Kuppine, 97. 

KJELDAHL, 8. 

Kuason, 346. 

Kwop, 353. 

KKNORR, poe 

Kose, 2, 52, 205, 466. 

Konres, 553, 569. 

KORNER’S principle, 477, 478, 481. 

Kosski, 305, 31 

KRaFFt, 169. 

Kuster, 237. 


L. 


Laboratory-methods, 20-33. 

Lact-albumin, 305. 

Lactams, 295. 

Lactase, 275. 

Lactic acid, 221-223, 224-226, 227, 
267. 


585 


Lactic acid, u-, 226, 244. 

I-, 226, 244, 286. 

Racemi, 226, 244, 
fermentation, 225, 283. 

Lactide, 223. 
Lactobionie acid, 276. 
Lactones, 219, 224, 228-230, 262, 263, 

269, 278, 511. 

Lactonitrile, 226, 294. 
Lactose, 225, 276, 278. 
iso-, 275. 
LADENBURG, 479, 541. 
Leevulic acid, 175, 271, 323. 
Levulose, 264, 267-269, 270, 277, 
278, 284, 287, 322. 
Lakes, 532. 
LassaIGNe’s test, 4. 
LAvRENT, 2. 
Polarimeter of, 32, 33. 
LAUWERENBURGH, 182. 
Law of BrrrHE.or, 28. 
dilution, 114. 
the even number of atoms, 46. 
Lead acetate, 110, 281. 

Basic, 110. 
mercaptides, HS 
oleate, 169. 
palmitate, 169. 
stearate, 169. 
thiocyanate, 538. 

Lecithin, 194, 195. 

Lecithins, 194, 195. 

Lecitho-proteins. 
proteins. 

Lemonade, 247. 

Lemon-grass, Oil of, 174. 

Lepidine, 569. 

Leucine, 297, 298, 308, 310, 311, 313, 

Bild. 


See conjugated 


1s0-, 297, 298. 
Leuco-bases, 511. 
-malachite-green, 510. 
Leuconie acid, 447. 
pentoxime, 447. 
Linsie, 2, 5, 8, 20, 282, 340, 353. 
Condenser of, 20, 21. 
LizBREICH, 254. 
Light oil, 385, 536. 
petroleum. See petroleum-ether. 
Lignin, 263, 291, 292. 
Ligroin, 38. 
Lime-nitrogen, 344. 
-water-test, 4. 
Limonene nitrosochloride, 500. 
Limonenes, 498-500. 
Linen, 291, 292. 
LINNEMAN, Fractionating-column of, 
23. 
Linoleic acid, 172. 
Linseed, 288. 
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Linseed-oil, 172. 
Liqueurs, 266. 
Liquid erystals, 409. 


Liquids, Separation of solids and, 30. 


Lithium urate, 361. 
Low wines, 55. 
Lumiere, 443. 
Lupine seeds, 298. 
Lutidines, 539. 
Lyddite, 464. 

Lysine, 298, 299, 311. 


M. 


Madder-root, 509. 
Madeira, 55. 
Magenta, 138, 513. 
Magnesium halides, Alkyl, 98, 99, 
103, 119, 132, 334, 335. 
Malachite-green, 509, 510, 513. 
Maleic acid, 208-213, 231, 240-242, 
471. 
anhydride, 208, 210, 213. 
Malic acid, 208, 230, 231, 298, 564. 
d-, 299. 
l-, 299. 
Malonic acid, 172, 197, 200-203, 205, 
215, 324, 360, 439. 
anhydride, 203. 
-ester synthesis, 202. 
Malonylurea. See barbituric acid. 
Malt, 54, 55. 
Maltase, 284. 
Maltobionie acid, 275. 
Maltosazone, 275. 
Maltose, 54, 275, 276, 278, 284, 288. 
iso-, 288. 
Mandelic acid, 471. 
je 244, 
r-, 244, 286. 
Manneotetrose, 287. 
Mannitol, 191, 260, 269, 270, 296. 
Manno-heptonic acid, 285, 286. 
-heptose, 271. 
-nonose, 271, 286. 
-octose, 271. 
-saccharie acid, d-, 269, 274. 
Mannonie acid, d-, 269, 270. 
i-, 270. 
Mannosazone, d-. See d-glucosazone. 
Mannose, d-, 260, 269, 270, 271, 274, 
284-287, 291. 
i-, 270. 
hydrazone, d-, 270. 
MARCKWALD, 244. 
Margaric acid, 106. 
Margarine, 111. 
Margarylmethylketone, 169. 
Marsh-gas. See methane. 
Martius’s yellow, 524. 
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Meconie acid, 566, 568. 

Meconin, 568. 

Melediose, 275, 287. 

Mellitic acid, 458. 

MENDELNHEFF, 56, 96. 

MeEnptrvws’s reaction, 102. 

MENSCHUTKIN, 85, 123, 401. 

Menthane, 494, 496, 501. 

Menthanol, 3-. See menthol. 

Menthenes, 497. 

Menthol, 244, 286, 494, 498. 

Menthone, 494, 495. 

Mercaptans, 78, 79, 80, 81, 117, 343, 
355, 396. 

Mercaptides, 79. 

Mercurialis perennis, 87. 

Mercurie cyanide, 252, 336, 338. 

formate, 107. 

fulminate, 293, 344, 345, 348, 448. 
Mercurous formate, 107. 

Mercury acetate, 415. 

alkides, 99. 

mercaptides, 79. 

phenide, 415. 

thiocyanate, 344. 

Mesitylene, 383. 387, 479. 
Mesitylenic acid, 481. 
Mesoxalie acid, 323, 324, 359. 
Mesoxalylurea. See alloxan. 
Metacetaldehyde, 142, 143. 
Meta-compounds, 381. 
Metallic acetylenes, 156. 

alkides, 97-99. 

Meta-proteins, 303, 304, 306, 309. 
Methacrylic acid, 168. 
Methane, 34, 35-37, 39, 40, 41, 42, 
43,98, 110, 138i, 158) 1%, Sie. 
homologues, Halogen derivatives 
of, 180-182. 

-tricarboxylie acid, 215. 
Methoxyquinoline, p-, 569. 
Methyl-acetamide, 133. 
acetate, 123. 

-acetic acid. See propionic acid. 
-aceto-acetie acid, 324. 

-anilide, 405. 
alcohol, 52, 53, 67, 79, 85, 88, 107, 

139, 140, 200, 352, 405, 431. 
-alloxan, 362. 
-allylphenylbenzylammonium hy- 

droxide, 407. 
~amine, 84, 87, 139, 330, 338, 343, 

352, 474. 

-aniline, 404, 437, 547. 

hydrochloride, 540. 
anthranilate, 475. 

-arsinic acid, 95. 
-benzene. See toluene. 
bromide, 71. 
-n-butylacetie acid, 322. 


INDEX. 


Methyl-carbylamine, 101. 
chloride, 36, 71, 147, 385, 391, 
405. 


cyanide, 101. 
-diethyimethane, 48. 
-dihydroxyphenanthrene, 567. 
-ethyl-acetic acid. See valeric 
acid, Active. 
-acetylene, 157, 158. 


-amine, 83, 87. 

-carbinol. See butyl alcohol, Sec- 
ondary. 

ether, 74. 


-ketone, 130, 143, 250, 324. 
-malonic acid, 202, 227. 
glucoside, 277. 
-glyoxal, 266, 267. 
osazone, 266. 


-group, 37. 
-heptenone, 175. 
-indole, 3-. See skatole. 


iodide, 43, 44, 71, 201, 324, 330, 
371, 404, 437, 442, 464, 484, 
537, 538, 563, 567. 

-isopropyl-benzene, p-. See cy- 


mene. 
-carbinol, 51, 159. 
-ketone, 160. 


-ketones, 131, 156, 321. 
-malonic acid, 201. 
mercaptan, 79. 
-morphimethine, 567. 
-naphthalene, a-, 522. 
B-, 522. 
-nonylketone, 143, 322. 
-o-nitrovanillin, 535. 
-orange, 452. 
-phenyl-hydrazine, 271, 437, 552. 
-hydrazones, 271. 
-pyrazolone, 552. 
-phosphine, 95. 
-phosphinie acid, 95. 
picrate, 464. 
-propyl-carbinol, 51. 
-ketone, 129. 
-pyridines. See picolines. 
-pyrrole, 1- (or N-), 547. 
2- (or a-), 547. 
-quinoline, p-. See lepidine. 
-succinimide, 565. 
sulphate, 73. 


-thiophen. See thiotolen. 
-urea, 352, 362. 
-violet, 514. 


Methylated ether, 75. 
spirit, 57, 58, 75. 

Methylene, 147._ 
chloride, 179, 508. 
-diphenyldiamine, 402. 
iodide, 180, 472. 
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Meyer, R., 455, 456. 
Victor, 12, 13, 181, 487, 548, 550, 
551. 
MicuueEr’s ketone, 406. 
Milk, 276, 305. 
-sugar. See lactose. 
MILLon’s reagent, 304. 
Mineral acids, Catalytie action of, 
122.136, 141, 142. 
Mixed crystals, 245, 550. 
ketones, 130. 
Mobile equilibrium, Principle of, 111, 
ONG, LAP. 
Morssan, 39. 
Molasses, 296. 
Molecular association, 41, 387. 
depression of the freezing-point, 
15, 16. 
elevation of the boiling-point, 16. 
weight of carbon, 19. 
Mono-alkyl-phosphines, 94. 
-phosphinie acids, 95. 
-basie hydroxy-acids, 221-230. 
-bromo-. See bromo-. 
-carbonyl-bond, 276, 277. 
-chloro-. See chloro-. 
-formin, 188, 189. 
-halogen compounds, 390-392. 
-hydroxy-acids, 466, 468. 


-iodo-. See zodo-. 
-methyl-. See methyl. 
-nitro-. See nitro-. 


-stearin, 189. 
-sulphonie acids, 389, 390. 
Monoses, 255-274, 275, 276, 283, 287, 
eu lile 


Monotropy, 424, 425. 
Moorge, 444. 
Mordants, 110, 450, 532. 
Morphine, 535, 566-568. 
MouneyRrat, 181. 
Mucic acid, 271, 545. 
Mucins, 306, 309. 
Murexide, 359. 

-test, 359. 
Muscarine, 317, 562. 
Musk, Artificial, 448. 
Mustard-oils, 343, 355, 408. 

-seeds, 343. 
Mutarotation, 265. 
Myosin, 305. 

soluble, 305. 
Myosinogen, 305. 
Myricyl alcohol, 66. 


N. 


Naphtha, 38, 57. 
Naphthalene, 15, 369, 384, 453, 478, 
479, 518-527, 529, 561. 


if AE af 
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Naphthalene, Constitution of, 520. 


-dicarboxylic acid, Peri-, 521. 
dihydride, 520, 525. 
-sulphonie acid, a-, 523. 

£-, 523. 


Naphthaquinone, a-, 524, 525. 


eas 524, 525. 
amphi- (or 2:6), 524, 525. 
-oxime, a-, 525. 


Naphthenes, 489. 
Naphthionie acid, 524. 
Naphthoie acid, a-, 522. 


B-, 522. 


Naphthol, a-, 519, 522, 523. 


B-, 523. 
-trisulphonic acid, a-, 524. 
-yellow, 524. 


Naphthylamine, a-, 523, 524, 527. 


. 


B-, 523, 526, 527. 

-sulphonic acid, 1:4-. See naph- 
thiomie acid. 

tetrahydride, a-, 527. 
B-, 526, 527. 


Narcotine, 568. 

Ner, 101, 163, 345. 

NERNST, 367. 

Neurine, 164. 

Nicotiana tabacum, 564. 
Nicotine, 543, 546, 562, 564, 565. 
Nicotinic acid, 542, 543, 564. 


iso-, 542. 


Nitriles, 100-102, 124, 126, 133, 152. - 


tso-, 100-102, 178, 179. 


Nitro-amine, 355. 
) 


-amines, 351. 
-aniline, m-, 447, 462, 463, 474, 
483. 
0-, 448, 463, 474- 
p-, 447, 450, 463, 474. 
-anilines, 474, 486. 
-benzaldehyde, o-, 534, 535. 
-benzene, 15, 27, 382, 394, 307, 
398, 402, 403, 408, 409, 411-— 
415, 431, 448, 450, 462, 465, 
485, 491, 512, 513, 551, 553, 
554, 560. 
-diazonium chloride, p-, 431. 
-benzoie acid, m-, 475, 485. 
0-, 475, 485. 
P-, 475, 485. 
-benzoyl chloride, 0-, 557. 
-formic acid, 557. 
-benzyl chloride, p-, 516. 
-bromobenzene, m-, 486. 
o-, 486. 
p-, 486. 
-butane, Tertiary, 92. 


* -cellulose, 292, 293. 


-celluloses, 292, 293. 
-cinnamaldehyde, o-, 554. 
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Nitro-compounds, 90-93, 397-400. 

Primary, 92. 

Secondary, 92. 

Tertiary, 92, 93. 
-dimethylaniline, p-, 406. 
-ethane, 90-92, 93. 

-glycerine, 190, 191. 

-guanidine, 357. 

-mannitol, 293. 

-mesidine, 480. 

-mesitylene, 480. 

-methane, 91, 438. 

-naphthalene, a-, 478, 522, 523. 
B-, 523. 

-paraffins, 90-93. 

-phenol, m-, 462, 464. 

0-, 448, 462, 463, 483. 

p-, 450, 462, 463, 483, 550. 
-phenols, 394, 462-465. 
-phenyl-acetic acid, o-, 558. 

-nitromethane, m-, 399. 
-phthalie acid, 478. 

-propane, Secondary, 91. 
-prusside test, 5. 

-salicylonitrile, 0-, 488. 
-stryrole, 438. 

-thiophen, 551. 

-toluene, m-, 398, 403, 484, 485. 

0-, 398, 403, 475, 484. 

p-, 308, 403, 484, 485. 
-urethane, 355. 

-vanillin, 535. 

Nitrogen, Quinquivaleney of, 407, 

430. 

Nitroso-amines, 86, 88, 405, 434, 435. 
-benzene, 402, 403, 411, 412, 413. 
-camphor, iso-, 504. 
-dimethylaniline, 406, 413, 462. 

hydrochloride, 406. 

-ketones, 7so-, 250. 
-phenol, p-. See  benzoquinone 
mono-oxime. 
piperidine, 538. 
Nitrous-acid test for amines, 86. 
nitro-compounds, 92, 93. 

Noting, 481, 484. 

Nomenclature of the alcohols 

CnHyn+,+OH, 51, 52) 

Nonane, 41. 

-dicarboxylie acid, 197. 

Nonoses, 262, 271, 283. 

Nonyl alcohol, Normal, 52. 

Nonylie acid, 106. 

Normal chains, 45. 

Nornarcotine, 568. 

Notation, 46. 
of Chemical Society of London, 

182. 

the monoses, 264. 

Nucleiye acids, 309. 
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Nucleo-proteins, 306, 309. 

Nucleus, 381. 

Number of carbon compounds, 2, 45. 
possible isomerides, 46, 47. 


O. 


Octa-decapeptides, 315. 
-peptides, 314. 

Octane, 37, 41. 
cyclo-, 373. 

Octoses, 262, 271. 

Octyl alcohol, Normal, 52. 
-amine, Normal, 87, 102. 
bromide, 85. 
iodide, Normal, 322. 

Odour, 503. 

Oil, Fusel-, 55, 57, 59, 61, 73, 148, 

298. 

of bitter almonds, 375, 422. 
carraway, 375, 388, 500. 
castor-seed, 112. 
cinnamon, 438. 
citron, 174. 
cloves, 473. 
cumin, 375. 
eucalyptus, 388, 497. 
garlic, 165. 
lemon-grass, 174. 
linseed, 172. 
orange-rind, 174. 
peppermint, 494. 
polei, 498. 
rue, 322. 
spirea, 473. 
the Dutch chemists, 182. 
thyme, 388. 
turpentine, 32, 420, 458, 495, 

499, 500, 502. 

wintergreen, 466. 
wormseed, 497. 

Paraffin-. See naphtha. 

Oils, 169, 189. 

Olefines, 145-149, 184, 373. 

Oleic acid, 112, 166, 169, 170, 171, 

189, 194. 
series of acids, 166-170. 

Oleum cine, 497. 

Opium, 566. 

Optical activity, 32, 62. 
isomerism. See stereoisomerism. 

Organic analysis, 5-11. 
chemistry, Definition of, 1. 
compounds, Classification of, 34. 

Orientation, 381, 441, 476-488, 521, 

522. 526,009, 904, 555. 

Orniinine, 299, 311, 357, 456, 457. 

Ortho-acetie acid, 109. 

-carbonic esters, 356. 
-compounds, 381. 


Ortho-esters, 104, 178, 183, 192, 356. 
-formic acid, 178. 
Osazones, 256, 257. 
Osmotie pressure, 11, 14, 15. 
Osones, 269. 
OSTROMISSLENSKY, VON, 243. 
Ost’s solution, 238, 256. 
Ostwatp, 115. 
OUDEMANS, 563. 
Over-proof spirit, 56. 
Oxalacetic acid, 266. 
ester. See diethyl oxalacetate. 
Oxalie acid, 168, 188, 189, 197-200. 
205, 248, 279, 318, 331, 333, 336, 
Oxalis, 198. 
Oxalurie acid, 358. 
Oxalyl chloride, 200. 
-urea. See parabanic acid. 
Oxamie acid, 200. 
Oxamide, 200. 
Oxanthranol, 530. 
Oximes, 132-134, 425-427. 
Tautomerism of, 329, 330. 
Oxindole, 558. 
Oxonium salts, 333-335. 
Oxy-cellulose, 293. 
-2:6-dichloropurine, 8-, 363. 
-hemoglobin, 309. 
-methylenes, 139. 
Oxygen-carriers, 8. 
Detection of, 5. 
Estimation of, 9. 
Ozokerite, 39. 
Ozonides, 249. 
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Palmitic acid, 106, 111, 112, 169, 194. 
Pancreatic juice, 315. 
Papaver somniferum, 566. 
Paper, 291, 292. 
Parabanie acid, 358, 359. 
Paracetaldehyde, 136, 140, 141-143. 
Para-compounds, 381. 
-cyanogen, 336. 
-formaldehyde, 139. 
-leucaniline, 512, 513. 
-mandelie acid, 471. 
-myosinogen, 305. 
-rosaniline, 512. 
Paraffin, Liquid, 39. 
-oil. See naphtha. 
-wax, 39, 106, 112. 
Paraffins, 37, 38, 154, 385, 386. See 
saturated hydrocarbons. 
Tsomerism of the, 42-48. 
Structure of the, 42-47. 
Parchment-paper, 292. 
Partial valencies, 380. 
PASTEUR, 73, 239, 243, 244, 282. 
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Peat, Combustion of, 139. 
Pelargonic acid, 143, 170, 171. 
Penicillium glaucum, 245, 471. 
Penta-chloro-benzal chloride, 441. 
-ethane, 181, 182. 

-diene, cyclo-, 374. 
dicyclo-, 374. 

-hydric alcohols, 256. 

-methyl-aminobenzene, 406. 
-benzonitrile, 487. 
-pararosaniline. See 

violet. 

-methylene, 154, 371, 372, 447. 
derivatives, 371, 372. 
-diamine, 193, 194, 298, 537. 

hydrochloride, 194, 537. 
dibromide, 538. 

-triacontane, 36, 41. 

Pentane, 36, 41, 46, 63, 
154, 180, 536. 

Pentonic acids, 256, 262. 

Pentosans, 262. 

Pentoses, 255, 
545. 

Pentosuria, 263. 

Pentyl iodide, 151. 

Pepper, 541. 

Peptones, 306, 309, 310, 314, 315. 

Percentage-composition, 9-11. 

Perchloroethane. See hexachloro- 
ethane. 

Percolation, 563. 

Percussion-caps, 344. 

Perfumes, Artificial, 176. 

Peri-compounds, 521. 

Perkin, W. H., Jun., 503. 

Sir Wix11aM, 328, 329, 439, 471, 
472, 534. 

Petroleum, 38, 39. 

American, 38, 39. 

Caucasian, 39, 489. 

-ether, 28, 38, 98. 

Formation of, 39. 

Galician, 39. 

Java, 39. 

-lamp-fires, 38. 

Pharaoh’s serpents, 342. 

Phenacetin, 465. 

Phenanthraquinone, 533, 534. 

Phenanthrene, 518, 528, 533-535, 
567." 

-earboxylic acid, -, 535. 
Phenetole, 396, 451, 433, 465. 
Phenol, 14, 15, 384, 385, 302-395, 

396, 431, 483, 436, 442, 450, 459, 
462, 463, 467, 473, 491, 493, 5238, 
548. 

-phthalein, 455, 511. 

-sulphonic acid, m-, 459. 

o-, 442, 450. 


methyl- 


70, 148 


262-264, 274, 288, 
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Phenolsulphonie acid, p-, 445, 459. 
acids, 459. 
Phenols, 392-395, 400, 423, 472, 518. 
Phenoxides, 394, 396. 
Phenoxy-amylamine, <-, 538. 
-valeric acid, 0-, 538. 
Phenyl-acetic acid, 420, 534. 
1so-, 372. 
pseudo-, 372. 
-acetylene, 438. 
-alanine, 311. 
-amine. See aniline. 
-aminopropionaldehyde, f-, 553. 
-arsine oxide, 414. 
-arsonic acid, 414, 415. 
-chloroamine, 403. 
ether, 396. 
-glucosazone. See glucosazone, d-. 
-glycine-o-carboxylic acid, 560. 
-hydrazine, 134, 256, 257, 271, 
275, 290, 436, 437, 544, 552. 
hydrochloride, 437. 
-hydrazones. See hydrazones. 
-hydroxylamine, 403, 411, 412, 413. 
-$-hydroxypropionic acid, a-. See 
tropic acid. 
-iodide chloride. 
dichloride. 
iso-cyanate, 399, 408. 
-thioecyanate, 408. 
magnesium bromide, 390. 
mercury acetate, 415. 
hydroxide, 415. 
mustard-oil. See phenyl isothio- 
cyanate, 
-nitromethane, 398, 399, 407. 
-o-aminoeinnamie acid, a-, 535. 
-o-diazocinnamie acid, a-, 535. 
-o-nitrocinnamie acid, a-, 534. 
-phosphine, 414. 
-phosphinie acid, 414, 415. 
-phosphinous acid, 415. 
-phosphiny] chloride, 414. 
-propiolie acid, 438, 439. 
salicylate, 467. ~ 
-sodionitromathene, 516. 
sulphide, 432. 
-urethane, 408. 
-vinylacetie acid, 519, 522. 
Phenylene- diacetie acid, o-, 526. 
-diamine, m-, 441, 448, 449, 451, 
452, 481, 483. 
, 447, 440, 481. 
Lene acid, m-, 442. 
Phloroglucinol, 292. 442-445. 
triacetate, 445. 
Phosgene. ‘See carbonyl chloride. 
Phospheny] chloride, 414. 
Phosphenylous acid, 414. 
Phosphines, 94, 95. 


See iodobenzene 
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Phosphinobenzene, 413, 414, 415. 
Phospho-benzene, 414, 415. 
-proteins, 302, 305, 307. 
Phosphonium bases, Quaternary, 94— 
96. 
halides, 95. 
Photochemical Reactions, 528. 
Phthaleins, 455, 515. 
Phthalic acid, 453-457, 478, 479, 
521, 525, 557, dbl. 
180-, 457, 458, 481. 
acids, 420, 453-458, 476, 491. 
anhydride, 453, 455, 456, 529, 532. 
Phthalide, 454, 470. 
Phthalimide, 456, 475, 561. 
Phthal/soimide, 457. 
Phthalophenone, 454. 
Phthaly] chloride, 454, 457. 
Physical properties of isomeric com- 
pounds, 48. 
Picoline, a-, 541. 
'B=,.539; 570. 
Picolines, 539. 
Picolinie acid, 542, 543. 
Picramide, 464. 
Picric acid, 304, 333, 334, 448, 463, 
464, 483, 484, 508, 528. 
Picry! chloride, 464. 
Pimelie acid, 197, 493. 
Pinacolin, 185, 517. 
Pinacone, 184, 185, 517. 
Pinacones, 184. 
Pinane, 501. 
Pinene, 502, 503. 
Pinie acid, 503. 
Pink salt, 450. 
Pinonie acid, 503. 
Piperic acid, 472, 541. 
Piperidine, 194, 537, 538, 541. 
hydrochloride, 537. 
Piperine, 472, 541. 
Piperonal, 472. 
Piperonylacrolein, 472. 
Pitch, 385. 
Platinotypes, 199. 
Polarimeter, LAURENT’S, 32, 33. 
Polarimetry, 32, 33, 280, 281. 
Poly-amino-compounds, 449-453. 
-basic acids, 196-216, 453-458. 
hydroxy-acids, 246, 247. 
-halogen derivatives, 177-182, 441, 
442. 
-hydrie alcohols, 183-192. 
phenols, 442-445. 
-methylene compounds, 154, 370- 
SIA ee 
-nitro-derivatives, 447, 448. 
-oxymethylene, a-, 139. 
B-, 139. 
y-, 139. 


Poly-oxymethylene, 0-, 139. 
-peptides, 314-316. 
-sulphonic acids, 441. 
Polymerization, 136, 137, 139, 140, 
142. 
of aldehydes, 136-143. 
Polyoses, 255, 260, 262, 264, 287-293, 
Sil: 
Pork, 97, 407. 
Port, 55. 
Potash-bulbs, 6, 7. 
Potassiopyrrole, 546, 547. 
Potassium acetate, 205, 265 325, 
326, 395. 
alkides, 98. 
anilide, 404. 
antimonyl d-tartrate, 236. 
benzenesulphonate, 393, 417. 
benzoate, 422. 
carbazole, 528. 
carbonyl, 445. 
copper-propiolate, 215. 
cuprous cyanide, 432. 
cyanate, 336, 341, 350, 353, 361. 
cyanide, 100, 102, 166, 168, 178, 
194, 200, 203, 215, 247, 336, 
338, 330, 416, 417, 516, 545, 
550, 556. 
ethoxide, 349. 
ethylsulphate, 73, 79, 80, 100. 
ferric oxalate, 199, 200. 
ferricyanide, 215. 
ferrocyanide, 100, 102, 337, 338, 3390. 
ferrous oxalate, 199. 
formate, 198, 339. 
glycollate, 218. 


hydrogen acetylenedicarboxylate, 
214. 

hydrogen _diacetylenedicarboxy- 
late, 215. 


mesotartrate, 241. 
saccharate, 265. 
o-sulphobenzoate, 461. 
d-tartrate, 236. 
monochloroacetate, 200. 
oxalate, 198. 
phthalaminate, 475. 
phthalimide, 456. 
propiolate, 214. 
d-tartrate, 236. 
tetra-acetylenedicarboxylate, 215. 
thiocyanate, 342. . 
trithioearbonate, 348. 
xanthate, 349. 
Potato-starch, 290, 291. 
Presssaft, 283. 
Primary alcohols, 52, 60, 61, 105, 
123, 127,130, 145. 
amines, 83, 85, 86, 87, 91, 102, 133, 
179, 351, 400-404. 
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Primary arsines, 95. 
carbon atoms, 46. 
compounds, 52. 
nitro-compounds, 92. 
phosphines, 95. 
reduction-produets, 411. 
Principle of mobile equilibrium, 111, 
UDG, SID: 
the counter-current, 279. 

Producer-gas, 53. 

Proline, 312, 313. 

Proof-spirit, 56, 57, 58. 

Propane, 36, 37, 41, 42, 44, 45, 181. 

cyclo-, 373. 
-tricarboxylic acid, afa’-. 
tricarballylic acid. 

Propargyl! alcohol, 163, 165. 

compounds, 163. 

Properties of alcohols CnHyn4-,+OH, 
a, 53. 

Propiolaldehyde, 174. 

-acetal, 174, 551. 

Propiolie acid, 165. 

series of acids, 170-172. 

Propionaldehyde, 58, 129, 131, 150, 
162. 

Propionic-acid, 58, 59, 100, 101, 106, 
110, 115, 129, 143, 157, 167, 218 
223, 227, 319, 324. 

Propionitrile, 101. 

Propionyl-group, 107. 

Propyl-acetylene, 157. 

aleohol, iso-, 51, 58, 59, 144, 184, 
187. 
Normal, 51, 52, 58, 50, 74, 162, | 
165. 
-amine, 7so-, 83, 85. 
Normal, 83, 85, 87. 
-benzene, iso-. See cwmene. | 
bromide, Normal, 71, 85. 
-earbinol, iso-. See isobutyl alco- 
hol. 
Normal. 
mal. 
chloride, Normal, 71. 
-group, 37. 
iodide, iso-, 44, 45, 110, 150, 151, 
187, 188, 189. 
Normal, 44, 71,110, 150. 
-piperidine, a-, 541. 
7y-, O41. 
-pseudonitrole, 92. 

Propylene, 146, 150, 151, 182, 187, 

188, 189, 370, 495, 500. 
chloride, 150, 162, 187. 
-glycol, 221, 225. 

Propylidene chloride, 150, 161. 

Prosthetic group, 305, 306. 

Protamines, 305. 


See 


See butyl alcohol, Nor- 


Proteans, 306. 
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Protein-derivatives, 306, 307, 309, 
310. 

Proteins, 2, 54, 55, 140, 279, 281, 
283, 284, 285, 294, 296-298, 
302-316, 357, 395, 469, 470, 
540, 546, 558, 566. 

Proteoses, 306, 310. 

Protocatechualdehyde, 472, 473. 

Protoeatechuic acid, 467, 468, 474. 

Protoplasm, 279, 283, 285. 

Prussian-blue test, 4. 

Prussie acid. See hydrocyanic acid. 

Pscuorr, 534. 

Pseudo-acids, 398-400, 434, 511. 

-bases. See colour-bases. 

-ionone, 175. 

-nitroles, 92, 93. 

-racemic mixed crystals, 245, 246. 
-uri¢c acid, 361. 

Ptomaines, 193, 310. 

Pulegone, 497, 498. 

Purine, 361, 363. 

Purone, 365. 

iso-, 365. 

Putrescine. See tetramethylenediamine. 

Pyknometer, 32. 

Pyrazole, 301, 369, 551, 552. 

Pyrazoline, 551. 

Pyrazolone, 551. 

Pyndine) 172,257, 270) 326; 369; 


384, 385, 400, 536-543, 854, 
562, 564, 565, 568. 
-carboxylie acids, 542, 543. 
ferrocyanide, 537. 
-sulphonie aeid, 536. 
-tricarboxylie acid, af7-, 569. 
Pyro-catechin or pyrocatechol. See 


catechol. 
-gallie acid. See pyrogallol. 
-gallol, 443, 468. 
-genetic reactions, 130. 
-mellitic acid, 458. 
anhydride, 458. 
-mucie acid, 544, 545, 546. 
-racemic acid,222, 236,266, 319, 320. 
-tartarie acid, 236. 
Pyrone derivatives, 330-335, 455. 
-dicarboxylie acid. See chelidonie 
acid. 
Pyrrole, 369, 543, 546-548, 558. 
-carboxylic acid, 2-, 548. 


-red, 546. 
Pyrrolidin. See tetrahydropyrrole. 
Pyrrolin. See dihydropyrrole. 


Pyruvie acid. See puroracemic acid. 


Q. 
Quadrivalent oxygen, 333. 
Quadroxalates, 199. 
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Qualitative analysis, 3-5. 
Quantitative analysis, 5-11. 
Quaternary ammonium bases, 83, 84. 
407. 
arsonium bases, 95, 96. 
earbon atoms, 46. 
phosphonium bases, 94. 
stibonium bases, 96. 
Quick process for vinegar, 108. 
Quina-red, 568. 
Quinic acid, 568. 
Quinine, 469, 568, 569. 
Quinitol, 492. 
cis-, 492. 
trans-, 492. 
Quinol, 443, 445, 492, 510. 
Quinoline, 269, 270, 369, 385, 495, 
536, 537, 542, 553-556, 562, 569, 
570. 
dichromate, 553. 
tso-, 553, 550, 557, 562, 568. 
sulphate, iso-, 556. 
-sulphonie acids, 555. 
Quinolinie acid, 542, 543, 554. 
Quinone. See benzoquinone. 
di-imide, 447. 
Quinones, 445-447, 530. 
o-, 446. 
Quinonoid forms, 510, 511, 515. 
Quinotannie acid, 568. 
Quinovie acid, 568. 
Quinovin, 568. 
Quinoxalines, 449. 


Re 


Racemic acid. See tartaric acid, r-, 
substances, 226, 239. 
Resolution of, 243-246. 
Racemoids, 245. 
Raffinose, 287. 
Reactions, Bimolecular, 85, 122. 
Pyrogenetic 130. 
Reversible, 119, 136. 
Unimolecular, 122. 
Reagent, Scurrr’s, 138. 
Reduction-products, chemical or sec- 
ondary, 411. 
electrolytic or primary, 411. 
Reflux-condenser, 20. 
Remsen, 461. 
Rennet, 305. 
Resinifieation, 137, 138. 
Resorcin. See resorcinol. 
-yellow, 452. 
Resorcinol, 442, 443, 446, 452, 455, 
459, 476. 
-phthalein. See fluorescein. 
Reversible reactions, 119, 136. 


er aL Catalytic action of, 107, 

08. 

Rice-starch, 289. 

RicuHTerR, 2. 

Ricinus communis, 112. 

Rigor mortis, 305. 

Rodinal, 465. 

Roozesoom, Baxkuuts, 246. 

Rosaniline, 450, 513, 514. 

Rosanilines, 509-515. 

RosENHEIM, 305. 

Rosolie acid, 514. 

Rotation of plane of polarization, 32, 
33, 62. 

Rotatory power, Specific, 32, 33. 

Ruberythric acid, 531. 

Rum, 55. 

Ruta graveolens, 322. 

Rye-starch, 289. 


Ss. 
SABATIER, 35, 39, 148, 490-492. 
Saccharates, 259, 279, 280. 
Saccharic acid, d-, 265, 274. 

iso-, 317. 

Saccharides. See sugars. 
Saccharifieation, 54. 
Saeccharin, 460, 461. . 
Saccharose. See sucrose. 
Saint GILLES, PHAN DE, 119. 
Salicin, 466. 
Salicylaldehyde, 473. 
Salicylic acid, 466, 467, 482, 547. 
Saligenin, 466. 
Salmine, 305, 313. 
Salol, 467. 
Salt of sorrel, 199. 
Salting-out, 112, 303, 307, 451. 
SANDMEYER, 432. 
Saponification, 122, 123. 

Of fate ebb ria. 11S le: 
Sarcolactic acid, 226. 
Saturated hydrocarbons CnH n+, 

35-48, 98, 154, 177, 183, 373. 
See paraffins. 
Sauerkraut, 225. 
Sawdust, 198. 
ScHIFF’s reagent, 138. 
Schizomycetes, 282. 
Schizosaccharomyces octosporus, 284. 
Sclero-proteins, 305, 307, 308. 
ScHMIDT, 466. 
ScutTzEMBERGER, 310-312. 
SCHWEITZER’S reagent, 292. 
Seutching, 292. 
Sebacic acid, 197. 
Secondary alcohols, 52, 60, 61, 123, 
127-130, 132, 145. 
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Secondary amines, 83, 85, 86, 87,102. | Sodio-n-amylacetylene, 251. 


arsines, 95. 
carbon atoms, 46. 
compounds, 52. 
nitro-compounds, 92. 
phosphines, 95. 
reduction-products, 411. 
Selenium compounds, 81. 
Semi-carbazide, 353. 
-carbazones, 353. 
Semidine-transformation, 410. 
SENDERENS, 35, 39, 490-492. 
SPNnIpR, 187, 340, 346. 
Separating-funnel, 28. 
Separation of amines, 86. 
immiscible liquids, 28-30. 
solids and liquids, 30. 
from one another, 30. 
Sericin, 308. 
Sericoin, 315. 
Serine, 311, 312. 
SERTURNER, 566. 
Serum-albumin, 303, 305. 
-globulin, 305. 
Sherry, 55. 
Side-chain, 381. 
Silicoheptane, 97. 
Silicon alkides, 97. 
atoms, Asymmetric, 97. 
Chemistry of, 97. 
tetraethide, 97. 
Silk, Artificial, 293. 
-gum. See sericin. 
Sizva, 187. 
Silver acetate, 105, 183, 184. 
acetylene, 156. 
cyanamide, 343. 
cyanate, 341. 
cyanide, 337, 557. 
cyanurate, 345. 
formate, 107. 
fulminate, 344. 
levulate, 271. 
-mirror-test, 138. 
picrate, 464. 
thiocyanate, 342. 
Skatole, 310, 312, 558. 
SKRAuP, 553, 555, 569. ; 
Sleeping sickness. See trypanosomia- 
sis. 
Smokeless powder, 293. 
Soap, Green, 112. 


Hard, 112. 
Potassium-, 112. 
Sodium-, 112. 
Soft, 112. 


Soaps, 112, 113, 114. 
Soda-lime-test, 4. 
Sodamide, 251, 523. 
Sodio-acetylacetone, 325. 


-dinitroethane, 399, 400. 
-nitroethane, 91. 
-phenyl-nitromethane, 398. 
-isonitromethane, 399. 
Sodium acetate, 103, 110, 258, 439, 
472. 
acetylene, 170. 
alkides, 98, 103. 
ammonium raccemate, 243, 246. 
d-tartrate, 243. 
anthraquinonesulphonate, 532. 
benzoate, 417, 419. 
diazobenzenesulphonate, 436. 
ethoxide, 66, 67, 91, 178, 183, 202, 
250, 251, 299, 328, 363, 448. 
formate, 198. 
hydrogen urate, 361. 
methide, 103. 
methoxide, 66, 67, 74, 91, 104, 330, 
390, 448. 
-nitroprusside-test, 5. 
oxalate, 198. 
phenoxide, 394, 396, 466, 547. 
phenyl-carbonate, 466. 
-hydrazinesulphonate, 436. 
salicylate, 467. 
stearate, 105. 
sulphanilate, 460. 
urate, 361. 
Solubility-curve for two liquids, 89. 
-curves for triethylamine and 
water, 89. 
Soluble myogen-fibrin. 
Soluble. 
Solvents, Cryoseopic, 14, 15, 16, 19. 
Ebullioscopie, 16. 
Extraction with, 28. 
Soporifies, 144, 252, 254, 423. 
Sorbic acid, 172. 
Sorbitol, d-, 265. 
Sorbose-bacteria, 260. 
Spacial isomerism. See stereoisomer- 
ism. 
Specific gravity, Determination of, 
2 


See myosin, 


rotatory power, 32, 33 
Spent lees, 55. 
wash, 55. 
Spermaceti, 66. 
Spirits, 55. 
of wine, 55. 
Spongin, 308. 
Starch, 54, 261, 264, 267, 275, 288— 
291. 
Manufacture of, 291. 
Steam-distillation, 26-28. 
Stearic acid, 15, 106, 111, 112, 169, 
189, 190. 
Structure of, 169. 
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“Stearine,” 112. 
candles, 112. 

Stearolic acid, 170, 171, 172. 

Stearyl alcohol, 105. 

Stereochemical isomerism. See stereo- 
isomerism. 

Stereochemistry of the monoses, 272- 
274. 

Stereoisomerism, 63, 64, 65, 66, 208- 
213, 219-221, 226-228, 231-236, 
272-274, 299, 300, 316, 426, 427, 
439. 

of nitrogen, 426, 427. 
van 'T Horr’s theory of, 63-66. 
Stibines, 96. 
Tertiary, 96. 
Stibonium bases, Quaternary, 96. 
Stilbene, 516, 534. 

Storax, 438. 

Strain-theory, von Banynrr’s, 154, 
207. 

Straw, 262, 292. 

STRECKER, 294. 

Strength of acids, 115.: 

Strong hydrolysis, 320. 

Structural or constitutional formula, 
44, 51. 

Structure of the paraffins, 42-48. 

Strychnine, 244, 469, 569, 570. 

i-mannonate, 270. 

Strychnos nux vomica, 569. 

Sturine, 305. 

Styphnie acid, 464, 465. 

Styrole, 438. 

Suberanecarboxylic acid, 372, 373. 

Suberic acid, 197. 

Suberone, 372, 373, 566. 

Substitution, 36, 227. 

Succindialdehyde, 249, 546, 547. 

Succinic acid, 29, 30, 54, 197, 203, 
204, 205, 206, 208, 213, 229, 231, 
236, 549. 

anhydride, 205. 

Succinimide, 206. 

Succinonitrile. See ethylene cyanide. 

Sucrose, 32, 111, 198, 225, 246, 264, 
276-282, 283, 284, 286. 

Manufacture of, 279, 280. 

Quantitative estimation of, 280, 
281. 

Velocity of inversion of, 281, 282. 

Sugar-beet, 276, 279, 280, 296. 

-cane, 276. 
Cane-. See sucrose. 
of lead. See lead acetate. 
Sugars, 255-293, 298, 302, 305, 309, 
566. 

Sulphaminobenzoie acid, p-, 461. 

Sulphanilic acid, 445, 459, 460. 

Sulphinie acids, 81, 396. 
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Sulphinic acids, Alkyl-, 81. 
Sulphite-method, 292. 
Sulpho-benzoic acid, m-, 460. 
o-, 460. ; 
acids, 460, 461. 

-eyanic acid. See thiocyanic acid. 
Sulphonal, 144. 
Sulphonamides, 389, 390. 
Sulphones, 81, 374. 

Sulphonie acids, 81, 459-461. 
Sulphonyl chlorides, Alkyl-, 81. 
Aromatic, 389. 
Sulphonium halides, 80. 
hydroxides, 80. 
iodides, 80. 
Sulphoxides, 80, 81. 
Sulphur, Estimation of, 8. 
Supertension, 367. 
Symmetrical compounds, 381. 
Syntonins. See meta-proteins. 
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TAFEL, 364, 366. 
Tannic acids. See tannins. 
Tannin, 304, 308, 468, 469, 470, 563. 
Tanning, 469, 470. 
Tannins, 468, 469. 
TANRET, 265. 
Tar, 384, 385, 387, 393, 518, 527, 536, 
548, 553, 556. 
Wood-, 53. 


| Tartar-emetic, 236. 


Tartaric acid, d-, 231, 232, 234, 236— 
238, 239-241, 245, 266, 286, 


319. 

2312325 2845238424 Ind}. 
286. 

Meso-, 231, 232, 235, 238, 239- 
241. 

r-, 231, 232, 236, 238, 239, 240, 
241, 319. 


acids, 231-243, 285. 
Tartronic acid, 186, 230. 
Tautomerism, 316, 324-330, 329, 330. 
Tea, 362, 468, 469, 563. 
Tellurium compounds, 81. 
Terebic acid, 496. 
Terephthalic acid, 375, 457, 458. 
Terminal carbon atoms, 46. 
Terpenes, 159, 372, 388, 489, 493- 

503. 

Terpin, 495-499. 

hydrate, 495, 497. 
Terpineol, 497, 499, 503. 


| Terpinolene, 498, 499. 
| Tertiary alcohols, 52, 61, 119, 123, 


132, 145. 
amines, 83, 84, 85, 86, 87, 102. 
arsines, 95, 96. 
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Tertiary bismuthines, 96. 
carbon atoms, 46. 
compounds, 52. 
nitro-compounds, 92, 93. 
phosphines, 95. 
Test, BEILSTEIN’S, 5. 
Carbylamine-, 101, 102, 402. 
Copper-oxide-, 4. 
Todoform, 180. 
LassaIGNe’s, 4. 
Lime-water-, 4. 
Prussian-blue-, 4. 
Silver-mirror-, 138. 
Soda-lime-, 4. 
Sodium-nitroprusside-, 5. 
Test for absolute alcohol, 56. 
acetates, Cacodyl-, 110. 
Ferric-chloride-, 110. 
amines, Nitrous-acid-, 86. 
anthraquinone, 530. 
blood, 309 
cellulose, 291, 292. 
dextrose, 265. 
double bonds, von Banry5R’s, 
146. 
glycerol, 187. 
hexoses, 271. 
identity of substances, 31. 
ketohexamethylene, 493. 
lignin, 292. 
nitrie acid, 404. 
nitro-compounds, Nitrous-acid-, 
92, 93. 
nitrous acid, 452. 
pentoses, 265. 
phenols, 394. 
phthalic acid, 455. 
anhydride, 455. 
primary amines, Hormann’s, 87, 
IOI, 102. 
pyrrole, 546. 
resoreinol, 455. 
starch, 288. 
xylose, 263, 264. 
Tests for aldehydes, 138. 
amines, 86, 87. 
aniline, 403. 
ethyl! aleohol, 58, 180, 419. 
hydroxyl-group, 49, 50, 116, 117. 
monoses, 256, 257. 
primary, secondary, and tertiary 
alcohols, 60, 61. 
proteins, 304. 
Tetra-acetylenedicarboxylic acid, 215. 
-alkylammonium iodides, Velocity 
of formation of, 85. 
-bromo-ethane, 528. 
-fluoreseein, 455. 
-methane. See carbon tetrabro- 
mide. 
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Tetra-chloro-benzotrichloride, 441. 
-ethane, 181. 
-ethylene, 181, 182. 
-methane. See carbon tetrachlo- 
ride. 

-decane, 41. 

-ethyl-ammonium hydroxide, 88. 
disodioethanetetracarboxylate, 

519. 

hydronaphthalenetetracarbox- 

ylate, 519. 

-methane, 97. 

orthoecarbonate, 356. 
-hydro-benzene, 491. 

-pyrrole, 548, 565. 

-carboxylie acid. See proline. 
-hydroxystearic acid, 172. 
-methyl-ammonium hydroxide, 88. 

-diaminotriphenyl-benzophe- 
none, 406. 
-carbinol, 510. 
-methane, 510. 
-suceinic acid, 217. 

-urie acid, 364. 
-methylene, 371. 
bromide, 371. 
-carboxylic acid, 371. 
-diearboxyliec acid, 370. 
derivatives, 370, 371. 
-diamine, 193, 194, 299. 
peptides, 314. 
Tetrolie acid, 171. 
Tetroses, 262, 287. 
Theine. See caffeine. 
Theobromine, 361-363, 562. 
Theory of stereoisomerism, 
Horr’s, 63-66. 
Thermometers, Abbreviated, 32. 
THIELE, 160, 374, 380, 520. 
Thiénylmethylketone, 2-. 
thiénone. 
Thio-acetone, 144. 
-acids, 124. 
-aldehydes, 144. 
-cyanic acid, 342, 343. 
esters, 342, 348. 

180-, 342, 343, 349. 
-ethers, 78-80, 81, 396. 
-ketones, 144. 
-methylene, 343. 
-phenol, 382, 396. 
-phenols, 390. 

-tolen, 548, 550. 

-urea, 355, 356. 
Thiophen, 369, 543, 548-551. 
-carboxylic acid, 2-, 550. 

3-, 550. 

-ketones, 550. 
mercury oxyacetate, 548. 
-phenol, 550. 
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See aceto- 
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Thiophensulphonic acid, 550. 

Thioxen, 548, 549. 

THORPE, 503. 

Thymol, 305, 495. 

TICKLE, 333. 

Tiglie acid, 166. 

Tin atoms, Asymmetric, 97. 

ethide, 99. 

Toadstool, 317. 

Tolan, 516. 

Toluene, 375, 384, 385, 386, 387, 390, 
391, 395, 398, 416, 441, 460, 
484, 548. 

-sulphamide, o-, 460. 

-sulphonylehloride, o-, 460. 

p-, 460. 

Toluie acid, p-, 420. 

acids, 420. 

Toluidine, m-, 403, 484. 

0-, 403, 484, 513. 

p-, 17, 403, 484, 512, 513, 540, 

547. 

hydrochloride, p-, 405. 
Tolylphenylketone, o0-, 426. 
Triacetoneamine, 143. 
Trialkyl-phosphines, 94. 

-phosphine oxides, 95. 
Triamino-azobenzene. See 

marck-brown. 

-triphenylearbinol, 513. 
Triamylene, 149. 

Tribasic acids, 215, 216, 458. 

Tribenzoyladrenaline, 474. 

Tribenzylamine, 407. 

Tribromo-aniline, 2:4:6-, 401. 

-hydrin, 165, 181, 187, 215. 

-phenol, 2:4:6-, 394. 

-resorcinol, 443. 

Tricaleium saccharate, 279. 

Tricarballylic acid, 215, 216. 

Trichloro-acetal, 252, 253. 

-acetaldehyde. See chloral. 

-acetic acid, 218, 219, 253. 

-ethylene, 181. 

-hydrin, 187. 

-phenol, 461. 

-purine, 2:6:8-, 363. 
Tricosane, 41. 
Tricyanoearbimide, 353. 
Triethyl-amine, 85, 88, 89, 90. 

-arsine, 95. ~ 

-bismuthine, 96. 

citrate, 247. 

-methane, 97. 

-phosphine, 95. 

oxide, 94, 95. 

-sulphonium iodide, 335. 
Trihydrie alcohols, 186-190. 

phenols, 443-445. 
Tribydroxy-acids, 468-470. 
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Trihydroxy-glutaric acid, 263, 267, 
272, 273: 

~isobutyric acid, 260. 

Tri-iodo-hydrin, 188. 
-phenol, 493. 
Triketohexamethylene. 

glucinol. 
Trimethyl-acetie acid, 217. 
-acetyl chloride, 185. 
-amine, 83, 87, 88, 139, 164, 194, 
207, 3¢1. 

-earbinol, 51, 60, 132. 

-ethylene, 159. 

-ethylmethane, 48. 

-glycine, 296. 

-oxonium iodide, 334. 

-phosphine oxide, 95. 

-pyridines. See collidines. 

-suecinic acid, 505. 

Trimethylene, 370. 

bromide, 182, 183, 194, 370, 456. 

-carboxylic, acid, 168, 370. 

cyanide, 194. 

derivatives, 370. 

-diamine, 194. 

-glycol, 183. 

diacetate, 183. 
Trintro-benzene, Symmetrical, 448, 
484, 488. 

-butyxlylene, 448. 

-cellulose, 292, 293. 

-oxycellulose, 293. 

-phenol, 2:4:6-. See picric acid. 
Trioses, 255, 260, 262, 283. 
Tripeptides, 314. - 
Triphenyl-amine, 401, 405. 

-earbinolearboxyliec acid, 454. 

-chloromethane, 515. 

-methane, 406, 423, 455, 509. 

dyes. See rosanilines. 

-methyl, 515. 

iodide, 515. 
peroxide, 515. 
-rosaniline hydrochloride. See ani- 
line-blue. 
Tristearin, 189, 190, 315. 
Trithio-acetaldehyde, 144. 

-acetone, 144. 

-carbonie acid, 348. 

-methylene, 343. 

TRoostwyk, Parts VAN, 182. 

Tropie acid, 565. 

Tropidine, 565. 

Tropine, 565, 566. 

Trypanosomiasis, 414. 

Tryptophan, 312, 558, 550. 

Tube-furnace, §, o. 

Turkey-red, 532. 

Tyrosine, 303, 310; 311, 313, 316, 
470. 


See phloro- 
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U: 
Undecane, 41. 
Undecylenic acid, 166. 
Under-proof spirit, 56, 57. 
Unimolecular reactions, 122. 
Unsaturated acids, Monobasic, 166—- 
2 
alcohols, 163-165. 
aldehydes, 173-175. 
compounds, 146. 
dibasie acids, 208-215. 
halogen compounds, 161-163. 
hydrocarbons, 145-160, 373, 438. 
ketones, 175, 176. 
Unsymmetrical compounds, 381. 
Uranium oxalate, 199. 
Urea, 1, 345, 348-353, 359, 362. 
wso-, 302. 
nitrate, 350, 351. 
oxalate, 351. 
Ureides, 358. 
Ureido-acids, 358. 
Urethane, 15, 354, 355. 
Urethanes, 354, 355. 
Uric acid, 324, 358-364, 365. 
group, 358-367. 
Urine, 144, 349, 350, 353, 361. 
Urochloralic acid, 254. 
Uviol lamp, 439. 


V. 


Vacuum-distillation, 21, 22. 
Valency of carbon, 19, 20, 64, 101, 
149-152, 163, 515. 
Valeraldehyde, 129. 
-ammonia, 7so-, 297. 
Valeric acid, 62, 106, 115, 310. 
Active, 202, 227. 
Valerolacetone, 219. 
Valeryl-group, 107. 
Valine, J-, 300, 311. 
Vanilla, 375, 473. 
Vanillin, 473. 
Vapour-density apparatus, VicTor 
MeyeEr’s, 12. 
Determination of, 12, 13. 
Victor Mryer’s method for, 
IP 118%. 
Vaseline, 38, 39. 
Vegetable-fats, 34, 111. 
-ivory nut, 269. 
Velocity of formation of tetra-alkyl- 
ammonium iodides, 85. 
Vicinal compounds, 381. 
VILLIGER, 334. 
Vinegar, German or Quick process 
for, 108. 
-manutacture, 108. 
Vine-lice, 348. 


INDEX. 


Vinyl-acetic acid, 168. 


alcohol, 163, 164. 
bromide, 161, 162, 163. 
chloride, 162, 163. 
-ethylene, 154. 
-group, 164. 

Violets, 176. 

Violurie acid, 360. 

Vital force, 1. 

Vitellin, 305. 

Volatile fatty acids, 111. 

VoLHARD, 342. 

VORLANDER, 409. 

Vuleanization, 348. 


W. 
WapMorp, 346. 
WALDEN, 228, 299, 300, 333. 

inversion, 299, 300. 
WALKER, JAMES, 27, 350. 
WatLuacng, 133. 

Wax, 66. 

Earth-, 39. 

Paraffim-, 39, 106, 112. 
Weak hydrolysis, 320. 
WEIGEL, 20. 

Whey, 276. 

Whisky, 55. 

White lead, 110. 

WILFARTH, 8. 

WiLLtAmson, Ether-synthesis of, 74. 
WILLSTATTER, 565. 

Wine, 55, 108. 

Spirits of, 55. 

Wines, Fortified, 55. 
WINKLER, 96. 

WISLICENUS, 250. 

Wirt, 450. 

WOuLER, 1, 2, 340, 350, 351. 
WoLiaston, 312. 

Wood, 262, 292. 

-charcoal, 458. 

Combustion of, 139. 

Distillation of, 53. 

-spirit, 53, 143. 

-sugar. See xylose. 

-tar, 53. 

Woodruff, 471. 
WourmTz, 23, 341. 
Fractionating-column of, 23. 


xe 


Xanthie acid, 349. 
Xanthine, 309, 361-364. 
Xantho-chelidonie acid, 330-332. 
-protein-reaction, 304, 307, 310. 
Xylene, m-, 387, 388, 481. 
0-. 388, 478. 
p-, 388, 481. 


Xylenesulphonie acids, 388. 
Xylenes, 385, 386, 476, 548. 


Xylidines, 404. 

Xylitol, 191, 260, 263. 

Xylonie acid, 263. 

Xylose, 260, 262, 263, 272. 

Xylylene bromide, o-, 519. 
chloride, o-, 470. 


BY: 
Yeast, 54. 
-cells, 54, 282, 283. 
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Youne, Sypney, 23, 41, 42. 
Formula of, 41, 42. 
Fractionating-column of, 23. 


Z. 


Zine alkides, 97, 98, 103, 130. 
ethide, 97. 
lactate, 225. 
methide, 97, 98, 130, 185. 
propide, 97. 

Zymase, 283. 
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